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THE EMBRYOLOGY OF FLEAS 

By EDWARD L. KESSEL 
University of San Francisco 
(With 12 Plates) 

INTRODUCTION 

Aside from its general scientific aspects, the study of flea embry- 
ology is of interest from two particular standpoints. In the first place, 
such an investigation has been needed to extend our knowledge of the 
pulicine life cycle. Hitherto the embryological phase of this cycle has 
been neglected in spite of the fact that its other aspects have received 
considerable attention. A careful search of the literature reveals onh r 
five contributions to the subject of flea embryology, and they are all 
brief and fragmentary. In some cases the claims made therein have 
been found to be erroneous in the light of the present study. These 
discrepancies are doubtless due to the difficulties involved in the tech- 
nique of preparing the eggs for successful observation. 

Weismann (1863) was the first to undertake an investigation of the 
development of the flea in the egg stage, but he dismisses the subject 
with a single page of his lengthy paper which is otherwise concerned 
with the embryology of Chironomus and Musca. He chose the dog 
flea, Ctcnoccphalides canis (Curtis), as the species for his considera- 
tion and reports that in the egg of this form “although the chorion 
is not exactly opaque it does not allow observation of the finer details, 
which, to be ascertained accurately, require a well related series of 
observations. Yet it mocks at every attempt to remove it without 
injury to the yolk membrane.” Weismann concludes, therefore, that 
the egg of the flea is not favorable for embryological study. 

The second worker to publish on the subject of flea embryology was 
Packard (1872). He used the eggs of the cat flea, Ctenocephalides 
felis (Bouche), although, believing like other workers of his day that 
cat and dog fleas constituted a single species, he titled his discussion 
“The Development of Pidex canis.” Like Weismann, he was forced to 
restrict his studies to superficial observations inasmuch as the section 
method of investigation was not well developed. 

Balbiani (1875) was the third to attempt to work out the early 
ontogenetic development of fleas. He followed Packard in the use 
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of cat flea eggs and observed that in them the chorion is more trans- 
parent than in the ova of other siphonapteran species. He recognized 
the inadequacy of the study of whole eggs, for he says in this paper, 
“The delicate question of embryology can only be studied with profit 
by the sectioning method, but the egg of the flea is too small to bear 
this mode of investigation.” Balbiani can scarcely be blamed for 
reaching this conclusion when the small size of cat flea eggs is con- 
sidered together with the fact that at that time no insect eggs had been 
sectioned with any degree of success. Considering the absence of 
efficient microtomes and biological stains, necessitating the limited 
methods of research employed by Balbiani and his two predecessors in 
the investigation of flea embryology, the results which these pioneers 
obtained must be admired. Although obviously superficial, as well as 
inaccurate in some instances, the papers of these first students of 
flea development are, nevertheless, definitely superior to those of the 
two writers on this subject who followed them and who had many of 
the technical advantages of modern equipment. 

The first one to utilize the section method in studying flea eggs was 
Tikhomirowa (1890), This paper is not available to the writer, but 
a review of the main points given therein is presented by its author 
in another of her papers (1892) which deals with the development of 
Chrysopa. For the most part her conclusions regarding flea develop- 
ment are inaccurate. 

Strindberg (1917) was the second to apply the section method to 
the investigation of pulicine embryology. His brief paper is concerned 
only with the intermediate developmental phases of Archeopsylla 
erinacci (Bouche). Concerning the other periods he says: “The 
early embryonic stages scarcely present worthwhile observations.” 
“The later embryonic stages do not show anything worthy of note 
and therefore are not taken into account.” A critical examination of 
this author’s statements necessitates the conclusion that his material 
was very inadequate. 

The second respect in which the study of flea embryology is of 
particular interest is that which is concerned with its application to the 
phylogenetic position of the Siphonaptcra. A study of the literature 
suggests that there has been more speculation on the subject of the 
affinities of the fleas than of any other insect order. This interest in 
the natural relationships of fleas seems to have been the chief stimulus 
which has prompted previous investigators to undertake studies of 
their development, for their papers include discussions of the racial 
origin of these insects. While accurate comparative embryological 
observations are invaluable in the solution of phylogenetic problems, 
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it must be recognized that much of the past work in the field of insect 
embryology is inaccurate. This is evidenced by the distinctly opposite 
interpretations which frequently have been given by workers on the 
same species. In view of this fact it is inadvisable for the writer to 
attempt a phylogenetic application of the present observations until 
he has personally investigated the embryology of those forms which 
are suspected of being most closely related to the Siphonaptera. Only 
then can it be certain that the same methods and interpretations have 
been applied to the different subjects and that the comparisons are 
worthwhile. 


SPECIES 

The observations made during this study indicate that the embryo- 
logical development of all fleas is essentially the same. Except for 
such superficial characteristics as size, nature of the chorion, and the 
number of micropyles, the corresponding stages of the eggs of dif- 
ferent species appear to be identical. This was shown by making 
careful studies on the development of three species of diverse system- 
atic positions. These included Ctenocephalides felts (Louche), the cat 
flea; Nosopsyllus fasciatas (Bose.), the common rat flea of temperate 
regions ; and Hystrichopsylla dippici Roths., a giant form which lives 
in the nests of the wood rat Neotoma. 

Following the classification of Oudemans (1909), the order Siphon- 
aptera is divided into two suborders on the basis of the presence or 
absence of a dorsal suture on the head. Fleas which possess such an 
incrassation are placed in the suborder Fracticipita, while those which 
lack it constitute the suborder Integricipita. If this division is a 
natural one based on true relationships, the choice of the three species 
used in this study is valid. Ctenocephalides felis and Nosopsyllus 
fasciatus belong to the Integricipita, while Hystrichopsylla dippici is 
classed in the Fracticipita. 

In contrast to Oudemans* system, many authors, including Ewing 
( 1929) , consider that the subdivision of the Siphonaptera into these 
two groups is artificial and unwarranted owing to the number of 
intermediate forms in which it is difficult to determine whether or not 
a dorsal suture is present, and also because of the lack of sufficient 
correlating characters. These authors prefer to follow the classifica- 
tion of Baker (1905) which regards the Siphonaptera as a compact 
group and, accordingly, divides it directly into families. Based on 
this classification, the choice of species for this study is again found 
to be a satisfactory one inasmuch as the three forms selected belong 
to three different families. Ctenocephalides felis represents the Puli- 
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cidae, Nosopsyllus fasciatus the Dolichopsyllidae, and Hysinchopsylla 
dip p lei the Hystrichopsyllidae. Moreover, these three families to- 
gether contain over 80 percent of the total number of genera belonging 
to the order. The three subject species used in this study must lie 
regarded, therefore, as a valid representation for the Siphonaptcra 
as a whole. 

EGG SOURCES 

Ctenoccphalidcs fells proved to be the most prolific of the three 
species studied. The eggs of this flea were collected from a cat’s 
sleeping blanket by means of a camel’s hair brush. 

Nosopsyllus fasciatus eggs were obtained from a pure culture of 
this species reared on white mice by the methods described by Leeson 
(1932). Gravid females were confined in voile-capped vials until they 
had oviposited. It was found that these imprisoned insects lived 
longer and deposited more eggs if a piece of cotton was placed in the 
vial with them. 

The eggs of Hystrichopsylla dlppicl were obtained either from the 
nests of wood rats or from gravid females taken from such nests. 
Because the eggs of this species are so much larger than those of 
the several other forms which inhabit Ncotoma nests, there was no 
danger of mistaken identity. 

AGE DETERMINATION 

In order to determine the developmental age of embryos in terms 
of days, cat flea eggs, newly laid by females imprisoned in vials, were 
incubated under a constant temperature of 25 0 C. and a relative 
humidity of 79 percent. Relatively few eggs were incubated in this 
manner ; these were used as standards and the others studied were 
interpolated into the series in their proper places. As no attempt was 
made to obtain Nosopsyllus fasciatus and Hystrichopsylla dippiei eggs 
of accurately determined incubation age, the developmental stages of 
these species were compared to known ones of Ctenoccphalidcs foils. 

MICROTECHNIQUE 

In the preparation of whole mounts of Ctenoccphalides felis em- 
bryos, dechorionation was facilitated by heating the eggs at 90° C. 
for a few minutes. The heat served to coagulate the yolk so that it 
drew away from the chorion, thereby providing a working space 
between the shell and the vitelline membrane. The resulting solidifica- 
tion of the vitellus was a further advantage because a yolk so hardened 
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does not rupture easily. The relatively thin chorion of the cat flea 
egg was an added factor in making dechorionation in this species a 
simple matter. This membrane collapses as soon as it is punctured and 
is thereafter quite easily removed under the binocular by dissecting 
it away with a fine pointed needle. 

Because the eggs of Nosopsyllus fasciatus and Hystrichopsylla 
dippici have thicker shells and therefore do not ordinarily collapse 
when punctured, a different procedure was necessary for the removal 
of their chorions. After heating, the surfaces of these eggs were 
dried thoroughly with blotting paper and they were immersed in 
liquid paraffin on a glass slide. When the paraffin had hardened, a 
series of needle punctures was made completely around the egg 
through both the paraffin and the chorion. Next, the adjacent punc- 
tures in the paraffin were connected and the paraffin cap, thus formed, 
was removed. Finally, the punctures thVough the exposed chorion 
were connected and the upper surface of this shell was removed in one 
piece. The shrunken vitellus with its attached embryo was lifted 
through the resulting opening by means of a minute spatula. De- 
chorionated eggs were fixed in Bouin’s picro-formol-acetic fluid, 
stained with alcoholic borax-carmine, destained in 70 percent acid 
ethyl alcohol, cleared in cedar oil, and mounted in xylol-balsam. 

Eggs used for sectioning were neither heated nor dechorionated. 
However, owing to the impermeability of the chorion, this membrane 
was punctured before fixation. Puncturing was done in the same 
Bouin’s fluid which was to serve as the fixing reagent. Several punc- 
tures were made in each egg. Tertiary butyl alcohol, as recommended 
by Johansen (1935), was used for washing and dehydration. Im- 
bedding was accomplished by a combination technique involving 
modifications of two previously used methods. These were Boycott's 
well-known paraffin-celloidin technique and Walls’ (1932) adaptation 
of the hot-celloidin process to animal tissues. From absolute tertiary 
butyl alcohol, the eggs were placed in a 2 percent solution of celloidin 
dissolved in ether-alcohol. Infiltration was done in small glass tubes, 
3 mm. in diameter. These were cut into short lengths and closed at 
one end. Such infiltration bottles, containing the eggs in 2 percent 
celloidin, were placed, uncorked, in a metal cylinder capable of with- 
standing high pressure. After being sealed, this cylinder was placed 
in an electric oven with the temperature set at 6o° C. where the heat, 
acting on the ether-alcohol solvent, provided the necessary pressure 
to force the celloidin into the tissue. After 24 hours the cylinder was 
removed from the oven, cooled, and opened. At this point the step 
from Boycott’s method was incorporated into the procedure. About 
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half of the 2 percent ether-alcohol celloidin was removed from each 
tube, and an equal amount of 3 percent celloidin dissolved in clove 
oil was added, after which the infiltration under heat in the pressure 
cylinder was continued for another 24 hours. Following this second 
period, the celloidin was gradually thickened by suspending a tiny 
piece of parlodion in the upper part of the solution, after which the 
pressure infiltration was carried on for another day. Such additions 
of parlodion were made daily until the solution reached the proper 
consistency for imbedding. 

Hardening of the celloidin blocks was accomplished by immersing 
the open infiltration tubes in chloroform for several days. It was 
important, however, that the contents of the tubes be thoroughly cooled 
before the hardening was begun. After hardening was completed, 
each tube was tapped with some hard object until its glass wall was 
cracked in several places. The resulting pieces of glass were carefully 
picked away from the celloidin, and the block was soaked in chloro- 
form until it ceased to float. 

The completely hardened celloidin block was infiltrated in paraffin 
preparatory to double imbedding. During this process the clove oil 
in the celloidin matrix was partially replaced by paraffin, thereby 
eliminating the possibility of the celloidin pulling out from its paraffin 
coating during sectioning. 

Because of the tendency of the celloidin matrix to warp during 
heating and drying, the following method for mounting the ribbons 
was used. The surface of the slide was first swabbed with a thick 
layer of albumen fixative. Good quality cigarette papers were cut in 
half longitudinally, and each half was laid on a flat surface and 
saturated with distilled water. The microtomed ribbon was cut into 
strips of the desired length, and these were laid in reverse order on 
the paper. More distilled water was then applied to the paper, and the 
resulting surface tension aided in pulling the ribbons out until they 
were fairly flat. Thereafter, the paper was lifted up with thc'sections 
adhering to it, reversed, and laid ribbon-side down on the albumen- 
smeared slide. The whole w r as immediately blotted with several thick- 
nesses of filter paper, a finger being rolled over this paper from one 
end of the slide to the other, thereby insuring direct contact between 
the sections and the slide at all points. Sections mounted in this 
manner were certain to be flat and therefore suitable for photographic 
purposes. 

Again, because of the tendency of the celloidin to warp, no period 
of drying was allowed following mounting. Instead, as soon as the 
cigarette paper was pulled away, leaving the ribbon adhering to the 
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slide, all traces of water were quickly wiped from the under surface 
of the glass, and the slide was passed directly into xylol. Absolute 
tertiary butyl alcohol was used following the removal of the paraffin 
by xylol because it was desired to keep the celloidin matrix intact* and 
this alcohol does not dissolve celloidin. 

In order to make certain that the sections would remain firmly 
attached to the slide during the staining process, a step was adapted 
from Galigher (1934) and introduced into the procedure at this point. 
This consisted of dipping the slide into a 1 percent solution of ether- 
alcohol celloidin and then passing it into chloroform to harden the 
film. Thereafter, the slide was transferred to 95 percent tertiary 
butyl alcohol for the beginning of hydration preparatory to aqueous 
staining. The lower alcohols used in the series were either tertiary 
butyl or ethyl solutions, inasmuch as the latter possessed sufficient 
water to prevent the dissolution of the celloidin matrix and protective 
film. It was necessary that dehydration following staining be com- 
pleted with tertiary butyl alcohols. 

Sections were stained by various methods, the combination of 
Delafield’s haematoxylm with Eosin Y as a counterstain being used 
for most of them. Mayer’s haemalum with a counterstain of Fast 
Green FCF, and Heidenhain’s iron haematoxylin with a counterstain 
of Eosin Y were also used to some extent. Heidenhain's iron haema- 
toxylin was found unsatisfactory for the earlier stages because it 
colored the numerous yolk spheres so darkly that they dominated the 
entire picture and obscured both the cleavage nuclei and the tropho- 
nuclei (pi. i, fig. 13). 

Because the eggs used in this study were obtainable in such large 
numbers, it was possible to infiltrate and imbed them en masse, 
several hundred to a block. No attempt was made at orientation, and 
those sections which were cut at undesirable planes were ignored 
(pi. 4, figs. 39, 40). 

CHARACTERISTICS OF THE EGGS 

The eggs of fleas are regularly prolate-spheroidal in shape. Conse- 
quently, they do not possess any dorsoventral differentiation such as 
is exhibited by the ova of many other insects. When first deposited, 
the eggs of all three species of fleas considered in this paper are 
glistening white. There is a pronounced difference in the degree of 
their transparency, however. Those of Ctenocephalides felts are rela- 
tively transparent, those of Hystrichopsylla dippiei less so; those of 
Nosopsyllus fasciatus are the most opaque. While the eggs of all fleas 
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tend to become more opaque as they age, those of the cat flea are by 
far the most transparent at every stage of development. Color dif- 
ferences also become manifest as development progresses. The eggs 
of the cat Ilea remain relatively colorless, those of the other two species 
assume a cream color within a few hours after being laid. This colora- 
tion is retained by the eggs of HystricJiopsylla dippiei, but in the case 
of Nosopsylhis fasciatus the eggs often acquire a darker hue which 
sometimes approaches a reddish brown before hatching. These varia- 
tions in color and transparency are due primarily to chorionic differ- 
ences between the species, correlated with differences in egg size. A 
relatively thick chorion, combined with small egg si/.e, makes an egg 
more opaque and darker in color. 

Of the three species here considered, the eggs of Hystrichopsylla 
dippiei are much the largest, approximately 1.9 mm. in length and 
0.9 mm. in greatest diameter. Corresponding measurements for the 
two other species were 0.8 mm. and 04 mm. for Nosopsylhis fasciatus , 
and 0,5 mm. and 0.3 mm. for Ctcnoccphalides felis. 

The outer surfaces of most insect eggs are sculptured with a reticu- 
lum of slightly raised ridges which enclose polygonal spaces. These 
markings represent the imprints of the ovarian follicle cells which 
serve to secrete the chorion. In the eggs of Nosopsylhis fasciatus and 
Hystrichopsylla dippiei this sculpturing of the chorion is rather pro- 
nounced. However, in the cat flea egg it is scarcely perceptible, even 
when the egg surface is thoroughly dried after oviposition. The 
chorionic markings of this species are so indistinct that Balbiani 
(1875) characterizes the chorion of the cat flea egg as unsculptured. 
He says, “The rugose appearance, like scales, that the egg presents on 
its surface, is not inherent in this membrane as Leuchart thought, but 
is due to the coating that the egg receives at the moment of deposition.” 
Balbiani does not state what procedure he followed in reaching this 
conclusion, but it may be assumed that he failed to see markings on 
the chorionic surfaces of eggs dissected directly from the ovarioles. 
A failure of this type is attributable to the fact that as long as the 
chorion is wet its sculpturing is difficult to make out. This is true 
even in the case of Nosopsylhis fasciatus or Hystrichopsylla dippiei 
eggs in which the reticulations of the chorion are very evident when 
this membrane is dry. As cat flea eggs tend to collapse in a short time 
after they are dissected from the ovariole, it is probable that Balbiani 
examined the eggs before they had dried sufficiently to show the 
chorionic sculpturings clearly. The faint reticulations which may be 
seen on the chorion of the Ctenocephalides felis egg are without doubt 
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homologous to the sculpturings on the egg surfaces of other insects, 
representing the imprints of the cells of the follicular epithelium. 

In section the chorion of the cat flea egg appears as an extremely 
thin single membrane (pi. 4, figs. 39 to 42). By contrast, the chorions 
of N osopsyllus fasciatus and Hystrichopsylla dippici are considerably 
thicker. In the latter of these species this membrane appears as a 
rigid shell made up of two laminae which are united by countless, 
extremely slender, transversely arranged, supporting pillars (pi. 1, 
fig. 2). These two chorionic layers appear to correspond to the 
exochorion and endochorion which Blochmann (1887b) and Wheeler 
(1889) have described for certain other insects. 

In all of the three flea species studied, a second protective covering 
lies beneath the chorion. This is the yolk or vitelline membrane 
(pi. 6, fig. 53 ; pi. 11, fig. 79). It is thin in all species and, like the 
chorion, is noncellular. Its relative position in regard to the chorion 
and the yolk surface varies in different preparations, but as a rule it 
lies nearer to the latter in the younger stages. The vitelline membrane 
appears to be merely the attenuated limiting membrane of the develop- 
ing oocyte which has been secreted by the superficial protoplasm. It 
remains intact until the time of eclosion. 

Spermatozoa traverse the chorion and the vitelline membrane of 
insect eggs by means of micropylar openings. In flea ova these are 
arranged in two circular areas, one at each pole (pi. 1, fig. 1). These 
micropylar apparatuses have been observed previously in the eggs of 
Ctenocephalides felts by Balbiani (1875). The number of openings 
at the respective poles in the eggs of any one species is variable, but 
is always considerably greater at the anterior pole in any individual 
egg. Furthermore, the minimum for the anterior pole number is 
always somewhat greater than the maximum for the posterior pole 
number in the same species. Balbiani found that in the case of cat 
flea eggs the number of anterior micropylar openings varied from 
45 to 50, whereas his counts gave only 25 to 30 such pores for the 
posterior pole. However, the writer’s counts show a greater variation 
in the case of each pole. The micropylar openings at the anterior 
pole were found to number as few as 35 or as many as 55, whereas 
the posterior apparatus was found to consist of from 20 to 30 such 
openings. 

It appears that the micropylar apparatuses in the eggs of N osopsyl- 
lus fasciatus and Hystrichopsylla dippiei have not been described 
previously. In the former the number of openings at the respective 
poles corresponds closely to the range given above for Ctenocephalides 
fetis . In Hystrichopsylla dippici the pores are fewer in number at both 
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poles ; the anterior apparatus in this species was found to possess 30 
to 40 such openings, whereas the posterior one gave counts of from 
15 to 25. In all three species studied, the openings at each pole were 
found to tend toward a spiral arrangement. 

In Hystrichopsylla dippici there may be a number of volcanolike 
raised processes arranged irregularly around the margin of the micro- 
pylar area (pi. 1, fig. 2). Their general appearance suggests the so- 
called micropyles of Phyrrhocoris apterns illustrated by Packard 
(1898, fig. 501), but longitudinal sections through them have failed 
to demonstrate for certain that the minute canals which pass inward 
from their craters perforate the chorion. Therefore, their function as 
supplementary micropyles is doubtful. The eggs of Nosopsyllus 
fasciatus and Ctenocephalides fclis appear to lack these peculiar 
structures. 

Balbiani (1875) was of the opinion that in cat flea eggs only the 
anterior group of micropylar openings served as passageways for the 
entrance of spermatozoa, since he found what he interpreted as 
spermatic filaments caught only in the anterior openings. None of the 
preparations made during the present study show any structures lodged 
in the openings of either pole which may be interpreted with any 
degree of certainty as spermatic tail pieces. Furthermore, longitudinal 
sections of the eggs of all three species demonstrate clearly that the 
lumina of the pores of both the anterior and the posterior micropylar 
apparatuses pass through the chorion. It is probable, therefore, that 
in the case of flea eggs the openings of both the anterior and pos- 
terior micropylar areas serve as passageways for the entrance of 
spermatozoa. 

The difference in the number of micropylar pores present at the 
poles is the only external indication of anterior-posterior differentia- 
tion in flea eggs. The identification of the poles was made by opening 
eggs in which the embryos had developed sufficiently to permit positive 
recognition of the cephalic and caudal ends. This identification made 
it possible to test the Law of Hallez (1886) as applied to flea eggs. 
Eggs for this purpose were dissected from the oviduct, and invariably 
their anterior poles were directed toward the head of the mother. Be- 
cause flea eggs possess no dorsoventral differentiation until develop- 
ment is well advanced, no attempt was made to test the Law of Hallez 
in respect to this second axis. 

Some authors, such as Huettner (1923), describe a third protective 
membrane for insect eggs. This they term the plasma membrane. It 
is described as an extremely thin investment adhering closely to the 
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superficial protoplasm and difficult, therefore, to demonstrate. Such 
a covering, if present, would lie inside of the vitelline membrane and 
would be evident when the germ cells push out at the posterior pole 
as described in a later section. Such a membrane is not apparent in 
flea eggs. 

The superficial protoplasm of insect eggs is known as the periplasm 
or cortical ooplasm. The periplasm at the anterior pole is called the 
anterior polar plasm, and that at the posterior pole is termed the 
posterior polar plasm. In the eggs of many forms either one or both 
of the polar plasm regions are widened to form protoplasmic caps 
which some authors regard as adaptations to facilitate the entrance of 
spermatozoa. As will be described later in the section on germ cells, 
most writers on insect embryology believe that the posterior polar 
plasm plays an important role in the differentiation of the primordial 
germ cells. In comparison with the eggs of most other insects, those 
of fleas possess a very narrow periplasm, and none of the sections 
made during this investigation showed it widened to form an anterior 
protoplasmic cap. However, some of the sections have this cortical 
ooplasm perceptibly thickened at the posterior pole (pi. 5, fig. 43). 
The entire periplasm is uniformly granular and no darker-staining 
granules are in evidence in this posterior protoplasmic cap. 

The periplasm is continuous with an anastomosing reticulum of 
protoplasmic strands which ramifies throughout the inner portion of 
the egg. Contained within the meshes of this reticulum are numerous 
vitelline spheres which make up the deutoplasm or store of yolk for 
the nourishment of the developing embryo. These vitelline spheres 
vary considerably in size. Lying within each of them are several small, 
rounded, and refringent bodies. These are the vitelline bodies. Both 
vitelline spheres and their vitelline bodies appear in many of the 
accompanying photomicrographs (pi. 1, figs. 4, 5, 8, etc.). Delafield’s 
haematoxylin was found to leave both the vitelline spheres and vitelline 
bodies colorless, and was used for the sections from which the above 
illustrations were made. By contrast, Heidenhain’s iron haematoxylin 
stains both structures black (pi. 1, fig. 13). 

Multitudes of granulelike objects, apparently identical with the 
granules of the periplasm, may be present along the strands of the 
protoplasmic reticulum (pi. 5, fig. 45). These are by no means uni- 
formly distributed, and their concentration varies in different prepara- 
tions. They appear to correspond to the Blochmann’s corpuscles which 
have been observed in the eggs of certain other insects. These bodies 
were first observed by Weismann (1863), and, although he includes 
a short discussion of the development of the dog flea egg in this 
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same paper, he fails to mention the presence of such bodies in this 
species. Blochmann (1884, 18 86, 1887a) studied these small cor- 
puscles in the eggs of a number of insects and concluded that they 
play an important part in embryonic development, because he ob- 
served their multiplication by transverse fission, he concluded them to 
be bacterial organisms. Mercier (1906) substantiated Blochmanns 
supposition by successfully culturing them in artificial media. Owing 
to the great variability of the number of these bodies in flea eggs, it 
seems improbable that they are of importance in the embryonic devel- 
opment of these insects. No attempt was made to culture these 
structures. 

MATURATION 

In unfertilized flea eggs, the position of the female pronucleus is 
somewhat variable, being dependent upon the maturation processes. 
Some of the preparations of newly deposited eggs show that they 
contain only two nuclei and that these are lying close together in the 
margin of the anterior polar plasm. Such a preparation apparently 
represents a stage immediately following the first maturation division, 
one of the two nuclei representing the first polar body and the other 
the secondary oocyte. Sections from other newly laid eggs show that 
the second maturation division has already taken place, as two polar 
body nuclei may be seen lying in the periplasm, while a third or ootid 
nucleus lies toward the interior of the egg. The polar body nuclei of 
fleas, like those of other insect forms, are never extruded from the egg 
but remain within the anterior periplasm until they disintegrate. The 
first polar body appears to remain undivided. Following the second 
maturation division the ootid nucleus migrates toward the center of 
the egg. Oviogenesis, or the differentiation of the ootid nucleus into 
the female gametic nucleus, takes place during this migration. This 
maturing process prepares the female nucleus for syngamy with the 
male gametic nucleus. 


SYNGAMY 

Figure 12 (pi. 1) shows a longitudinal section through the anterior 
half of a cat flea egg in a stage just prior to syngamy. Only four 
nuclei are evident in the entire egg and three of them are present in 
this section. These are the female gametic nucleus, the male gametic 
nucleus, and one of the polar body nuclei. The second polar body 
lies at a different level and appears in another section. The large 
number of micropylar openings occurring in flea eggs is suggestive of 
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polyspermy, but if other spermatozoa have entered this particular egg 
they have apparently disintegrated The actual process of fertilization, 
or the fusion of the male and female gametic nuclei, is shown in 
figure 37 (pi. 4). It occurs in the central region of the egg, as a rule 
somewhat toward the anterior pole. The zygotic nucleus resulting 
from syngamy is shown in figure 38, and the complete section from 
which this enlargement was made is shown in figure 39. 

CLEAVAGE 

As is typical for the eggs of insects, cleavage in fleas is meroblastic 
peripheral, owing to the centrolecithal nature of the ovum. By a series 
of synchronous mitotic divisions, several generations of so-called 
cleavage cells are produced by the zygotic nucleus. As Blochmann 
(1887b) first pointed out, these bodies are not independent cells, 
inasmuch as each is connected by protoplasmic strands to the proto- 
plasmic reticulum which ramifies throughout the vitellus, and by this 
reticulum, in turn, to the periplasm. In flea eggs, each cleavage nucleus 
is surrounded by a star-shaped protoplasmic mass, and this is con- 
tinuous with the protoplasmic reticulum. Such cleavage nuclei, there- 
fore, have the same general appearance as the zygotic nucleus. Like it, 
they stain rather faintly. 

Synchronous cleavage divisions have been reported for a number 
of insect species. Huettner (1923) found them to occur in Drosophila, 
Auten (1934) in Phormia, and Butt (1936) in Brachyrhinus. Their 
presence in flea development, however, has not been observed hereto- 
fore. 

During the early cleavage divisions the resulting nuclei lie rather 
close together in the central region of the egg. Not until after the 
completion of the fifth such division, when the egg is in the 32 
nucleus stage, is there an indication of any orderly migration of 
the cleavage nuclei toward the periphery. Following the next or sixth 
cleavage division, when 64 segmentation nuclei are present in the 
egg, the majority of these have definitely begun their migration to 
the surface. In doing this they collectively assume a hollow sphe- 
roidal arrangement which is proportionate in all its dimensions to the 
outline of the egg. The nuclei wdiich outline this spheroid are all 
approximately equidistant from the cortical ooplasm which forms the 
surface of the egg mass. Huettner (1923) says that in Drosophila 
the cleavage nuclei start their migration to the surface after the eighth 
cleavage division, or when the egg is in the 256 nucleus stage. In flea 
eggs, therefore, this migration starts somewhat earlier. 
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It has been stated above that the majority of the cleavage nuclei 
migrate to the surface of the egg. The relatively few that remain 
behind in the vitellus are destined to produce the primary trophomiclei. 

The migrating cleavage nuclei continue to rise toward the surface 
of the egg but undergo another cleavage division, the seventh, before 
they reach the periplasm. In flea eggs it is at the 12S nucleus stage, 
therefore, that the cortical layer is first supplied with nuclei. Mention 
should be made of the fact that the mitotic spindles of this seventh 
division are parallel to the egg’s surface and, as a consequence, the 
daughter nuclei retain the spheroidal arrangement already described 
for their parent nuclei. Wheeler (1889) for Blatia, Heymons (1895) 
for Forficitla , and Lecaillon (1897) for Clytra , have described a 
similar orientation for the mitotic spindles of the cleavage division just 
prior to the arrival of the nuclei in the j>eriplasm. 

There is a great deal of variation among insect eggs as to the exact 
region of the periplasm at which the cleavage nuclei first reach the 
surface. In Pieris (Bobretzky, 1878) and Chironomus (Weismann, 
1882) the first nuclei arrive in the cortical protoplasm at the anterior 
pole. In Formica (Ganin, 1869) and Musca (Graber, 1889) the sur- 
face of the egg is attained first at the posterior pole. Autcn (1934) 
says that in P hormia the nuclei arrive at the two poles slightly before 
they reach the other surfaces of the egg. In Hydrophilus (Heider, 
1889), Platygaster (Kulagin, 1897), and Calcndra (Wray, 1937) the 
surface of the egg first reached is between the poles in the equatorial 
region. In certain other insects such as Blatta (Wheeler, 1889) and 
Apis (Nelson, 1915) the ventral surface somewhat anterior to the 
equator is the region first reached. In Calloptcryx (Brandt, 1869) the 
nuclei are said to arrive at the surface in groups. In the development 
of flea eggs the arrival of the nuclei at the surface does not correspond 
to any of the above cases for, as a rule, in pulicid ova the nuclei arrive 
at the periplasm simultaneously at all points. This is not surprising 
in view of the regular symmetry of these eggs and the fact that the 
nuclei approach the surface arranged in the form of a hollow, single- 
layered figure, the outline of which conforms very closely to the shape 
of the egg surface. The only exception to the simultaneous arrival of 
the nuclei at the surface is that in some eggs the most posterior nuclei 
arrive at the periphery a little later than the others. This is apparently 
due to the fact that the zygotic nucleus sometimes begins dividing at a 
point slightly anterior to the middle of the egg. As these most posterior 
cells tend to become germ cells, their further history is postponed for 
later consideration. 
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The number of cleavage nuclei arriving in the cortical ooplasm of 
flea eggs is inadequate to constitute at once a continuous epithelium 
such as is characteristic of the blastula stage. As stated above, it is 
at the 128 nucleus stage or after the seventh cleavage division that 
the periplasm is first supplied with nuclei. The 15 or so nuclei whicli 
are to be seen at the periphery in a median longitudinal section at this 
stage are rather regularly distributed but widely separated from each 
other (pi. 1, fig. 4). This condition contrasts with the situation which 
occurs in Calliphora (Blochmann, 1887b) and HydropJiilus (Heider, 
1889), in which the nuclei reach the periplasm closely crowded to- 
gether. In the embryological development of fleas, therefore, there 
must be a further multiplication of the nuclei in the periplasm before 
the stage comparable to that in which the nuclei arrive at the periphery 
in Calliphora and HydropJiilus is reached. For the sake of conve- 
nience, although there is as yet no cessation of nuclear division at 
any surface region, cleavage may arbitrarily be said to terminate with 
the arrival of the cleavage nuclei at the egg’s surface. The embryonic 
differentiations which immediately follow this stage and which lead up 
to the completion of the blastoderm collectively constitute what is 
herein termed blastulation. 

BLASTULATION 

At the conclusion of cleavage the egg may be said to be in the 
blastema stage. This term was first used by Weismann (1863) to 
designate the nucleated periplasm in the eggs of dipterans before its 
division into cell territories. Although he was mistaken in assuming 
that the nuclei in this layer have a spontaneous origin, later workers, 
such as Patten (1884) and Wheeler (1889), have used the term with- 
out objection. When the general definition of blastema, viz, the 
primitive basis of a structure yet undifferentiated and from which 
such a structure grows, is considered, it must be admitted that the 
nucleated periplasm of insect eggs conies within the meaning of the 
term when its function as the primitive basis for the blastoderm is 
taken into account. For this reason, the precedent established by 
Patten and Wheeler is herein followed. 

Four substages of the blastema are to be recognized in the eggs of 
fleas, each determined by the number of nuclei which are present in 
the periplasm. The first of these has already been described as being 
synonymous with the 128 nucleus stage. The second, third, and fourth 
blastema substages correspond to the 256, the 512, and the 1024 
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nucleus stages respectively. The details of the differentiations of these 
various stages deserve special consideration. 

Mention has been made of the fact that at the last or seventh 
cleavage division, which occurs during the migration of the prc- 
blastcma nuclei to the periplasm, the mitotic spindles are arranged 
parallel to the egg’s surface, thus insuring that the daughter nuclei will 
be equally distant from the periplasm when they are formed. All the 
division planes of the three subsequent nuclear divisions likewise are 
at right angles to the egg’s surface. This phenomenon serves to retain 
the single-layered arrangement of the nuclei in all the blastema 
substages. 

Immediately following the eighth nuclear division or when the egg 
is in the 256 nucleus substage of the blastema, the two daughter nuclei 
of any one parental nucleus lie close together. Soon, however, they 
draw away from each other until they are approximately equidistant 
from the adjacent nuclei and from each other (pi. r, fig. 5; pi. 4, 
fig. 40). The egg is then ready for the ninth nuclear division. This, 
and the tenth division, take place in the same manner as the eighth, 
although the pairs of daughter nuclei are less apparent owing to the 
greater number and resultant crowding of the nuclei in the periplasm. 
The third blastema substage, following the ninth nuclear division, is 
shown in figures 3, 10, and 11 (pi. 1) and in figures 41 and 42 (pi. 4). 
Figures 8 (pi. 1) and 49 (pi. 6) represent the fourth blastema sub- 
stage. This follows the tenth nuclear division and corresponds to the 
1024 nucleus stage. 

In the fourth blastema substage, all of the first true blastodermic 
nuclei are accounted for. All that remains to transform the blastema 
into the blastoderm is the separation of the individual nuclei with their 
adjacent cytoplasm into distinct cell territories. The cells delineated 
in this manner are the first true cells of the developing egg. Some rso 
of them arc present in a median longitudinal section of the primary 
blastodermic stage or the first substage of the hlastula (pi. t, figs. 7, 9 ; 
pi. 5, fig. 48). The discussion of the second and third hlastula sub- 
stages is postponed to the section on the formation of the germ band. 

The cytoplasm of the blastoderm has two sources. Part of it is 
derived from the thin periplasmic layer, and the remainder has been 
carried into this region by the immigrating cleavage nuclei. The first 
indication of the delimitation of the cell territories of the blastoderm 
is the appearance of slightly rounded swellings at the surface of the 
egg. These swellings are opposite the individual peripheral nuclei. 
Almost immediately the lateral cell walls begin to form. They begin 
at the surface and gradually extend inward. The nuclei do not lie in 
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the absolute centers of their forming, respective cell territories. In- 
stead, each is located somewhat toward the outer margin. With the 
completion of the lateral cell walls, the cell territories still remain 
incompletely demarcated, as the cytoplasm of their bases is still con- 
nected. It is also continuous with the reticular protoplasm of the 
interior of the egg. Although these phases of blastulation are typical 
for centrolecithal insect eggs, the final step, consisting of the develop- 
ment of the inner walls of the blastoderm cells, varies as to details in 
different forms. In the eggs of certain insects such as Hydrophilus 
(Heider, 1889) and Apis (Nelson, 1915) an inner peripheral or 
cortical protoplasmic layer is produced. It is believed to be composed 
entirely of protoplasm which has come to the surface with the cleavage 
nuclei. This zone has only a temporary existence owing to the fact 
that it is ultimately absorbed by the blastoderm cells. A true layer 
of inner peripheral protoplasm was not found by Marshall and Dernehl 
(1905) in their study of Polistes , although a small amount of cyto- 
plasmic substance was observed just inside the bases of some of the 
completed blastodermic cells. An inner layer of peripheral protoplasm 
is said by Carriere and Burger (1897) to be entirely lacking in 
Chalicodoma and Anthophora . As the eggs of these last two genera 
have a relatively thin periplasmic layer, and as this is also the case in 
flea eggs, an inner peripheral protoplasmic layer was expected to be 
lacking also in the developing ova of these insects. A deficiency of 
cytoplasmic material in the cortical layer would be expected to neces- 
sitate the incorporation at once into the blastodermic cells of all the 
protoplasm which had come to the surface with the cleavage nuclei. 
However, careful examination of sections of flea eggs representing 
this stage indicates an agreement with the eggs of Polistes rather than 
with those of Chalicodoma and Anthophora. Although thin, irregular, 
and ill-defined, cytoplasmic patches may be seen lying just below the 
bases of certain of the blastoderm cells. This may be regarded as 
homologous to the definite inner layer of peripheral protoplasm of 
certain other insects. 


TROPHONUCLEI 

As already stated, after the sixth cleavage division when 64 seg- 
mentation nuclei are present in the egg, a variable number of these 
start migrating toward the surface as the preblastema nuclei. Within 
the spheroidal figure which they outline are the remaining nuclei 
which, with their progeny, stay in the central portion of the egg. Here 
they probably serve to liquefy the yolk which surrounds them, making 
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it available as nourishment for the cells of the developing embryo. 
Because of this function, they may be termed trophonuclei or vitello- 
phags. It would be incorrect to call them trophocytes because, like 
the cleavage nuclei, the cytoplasm surrounding them is not marked off 
into cell territories. Tn order to emphasize this point, the term tropho- 
nucleus is used hereafter. During the preliminary cleavage divisions 
all of the trophonuclei divide simultaneously with the other nuclei. 
Later, however, the division of the trophonuclei is irregular. This is 
demonstrated by the fact that while these nuclei disperse soon after 
division, some preparations show a few lying close together in pairs. 
This irregular division of the trophonuclei has been described previ- 
ously for Apis by Nelson ( 1915) . 

In some insects, such as Lcptinotarsa (Wheeler, 1889) and Clyiia 
(Lecaillon, 1898), a phenomenon known as secondary yolk cleavage 
is said to occur. In these forms the yolk is divided into polyhedral 
masses, each of which contains a trophonucleus. This segmentation 
serves to divide the protoplasmic reticulum of the vitellus as well, 
so that in these forms each yolk segment with its trophonucleus and 
surrounding cytoplasm may properly be regarded as a yolk cell. Only 
in such cases is the term yolk cell applicable. I11 agreement with the 
majority of other insects, such segmentation of the vitellus is not 
shown in any of the numerous sections of flea eggs made during this 
study. Therefore, for the vitellophags of the eggs of Siphonaptera the 
term trophonucleus rather than yolk cell is correct. 

The origin of the primary trophonuclei from cleavage nuclei which 
have remained behind in the yolk has been demonstrated in numerous 
insects by various authors including Bobretzky (1878) for Picris, 
Kowalevsky (188G) for CaUiphora, Wheeler (1889) for Lcptinotarsa, 
and Nelson (1915) for Apis. On the other hand Batten (1884) for 
Ncopliylax , Will (1888) {ox Aphis, Wheeler (T889) Malta, and 
recently Du Bois (1932) for Sciara, state that all the cleavage nuclei 
migrate to the surface so that none of them are left to produce the 
primary vitellophags. In the eggs of fleas a few nuclei, as in the 
majority of insect forms studied, remain behind in the vitellus and 
these in turn give rise to the primary trophonuclei. Tikhomirowa 
(1892) has already made this observation for the composite species 
Pulex serraticeps. Strindberg (1917) , in his study of the development 
of Archaeopsylla erinacci, failed to find yolk nuclei at any stage. 

Not all trophonuclei are of this primary type, however. They must 
of necessity have some other source in those forms in which all of the 
nuclei pass to the periplasmic layer. Patten (1884) says that in Neo - 
phylax the yolk nuclei arise at a later stage by the immigration of 
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nuclei into the vitellus from both the serosa and the ventral plate. 
Graber ( 1871 ) had previously shown that in forms possessing primary 
trophonuclei, these are augmented by additional or secondary vitello- 
phags which enter the yolk from the germ band. Numerous other 
workers, including Korotneff (1885) for Gryllotalpa , Noack (1901) 
for CallipJiora , Nelson (1915) for Apis , Butt (1936) for Brachy- 
rhinits, and Lassmann (1936) for Melopkagns, have substantiated his 
observations. In flea eggs, such an augmentation of the primary vitel- 
lophags by others of a secondary nature occurs, notwithstanding the 
statement of Tikhomirowa (1892) to the contrary. This augmentation 
is by immigration from the surface. These secondary trophonuclei 
may enter the yolk either from the blastoderm or from the mesoderm 
when this germ layer has differentiated. None of them appear to come 
from the serosa as Patten (1884) described for Neophylax. In spite 
of their origin from the completely delimited cells of the blastoderm 
or mesoderm, the secondary vitellophags appear to lose their cellular 
nature as they enter the yolk. Their cell boundaries break down and 
they become incorporated into the cytoplasmic syncytium which rami- 
fies through the vitellus. Having lost their demarcations, these vitel- 
lophags can no longer be regarded as independent cells. Instead, they 
must be termed trophonuclei like the primary vitellophags. Such 
secondary trophonuclei appear indistinguishable from those of the 
primary group once they have passed deeply into the yolk. When first 
given off by the blastoderm, they stain rather deeply and correspond 
111 the density of their coloration to the cells of the superficial layers. 
The subsequent decrease in the staining ability of the secondary 
trophonuclei appears to be due to the dispersion or dissolution of their 
substance. A similar phenomenon has been observed by Heymons 
(1895) in Gryllotalpa , Gryllus, and Forficula, by Friederichs (1906) 
in Meloc, and more recently by Eastham (1927) in Pieris. 

ORIGIN OF THE GERM CELLS 

The origin of the primordial germ cells in insects was first observed 
by Robin (1862) in Chironomus . He failed, however, to recognize 
their true nature for he regarded them as polar bodies. Weismann 
(1863), again in Chironomus and also in Calliphora , observed not 
only the separation of these cells from the posterior pole of the egg 
but also found that they reentered the egg and finally disappeared 
among the embryonic tissues. He concluded, therefore, that they were 
not polar bodies and termed them “pole cells” instead. Like Robin, 
however, he failed to understand their significance. Metchnikoff 
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(18 66) found similar pole cells in Miastor and succeeded in tracing 
them to the larval gonad, thereby indicating tlieir true character. 1 Tis 
work was confirmed by later workers, particularly Balbiani (1882) 
who saw in Chironoimts not only the constriction of these cells but 
their reentry into the interior of the egg and incorporation into the 
gonads as well. All the germ cell work up to this time was done on 
entire eggs, and with the introduction of modern sectioning and stain- 
ing techniques, further evidence was accumulated to show that the 
pole cells are in reality the primordial germ cells. Ritter (1890) 
especially, again working on Chironomns, was able to trace, by means 
of extensive sections, the development of the germ cells up to the 
time that they reached their final positions in the gonads of the full}' 
formed larva. Ritter’s work was reexamined and confirmed in the 
main by Hasper (1911). Subsequent to these earlier fundamental 
studies, germ cells have been discovered in the eggs of a number of 
other insects. These investigations indicate, however, that the differen- 
tiation of germ cells among insects takes place by two general methods. 
Before comparing these two methods it is necessary to discuss the 
characteristics of the posterior polar plasm and the role it plays in the 
origin of the primordial germ cells of hexapods. 

Weismann (1863) described what he termed “yolk granules” in 
the pole cells of Chironoimts. Ritter (1890), in his study of the germ 
cells of this same fly by the section method, demonstrated that Weis- 
mann’s “yolk granules” came from a disk-shaped mass of granular 
substance located in the periplasm at the posterior pole of the egg. 
Hasper (1911), in his reinvestigation of Ritter’s work, was able to 
show that this granular substance was incorporated into the cytoplasm 
of the germ cells. This incorporation of granular plasm by the germ 
cells has been reported in numerous insects and has led to the belief 
which is held by some workers that this substance possesses the peculiar 
power of incorporating itself into the cytoplasm of differentiating 
cleavage cells and thereby transforming them into germ cells. I legncr, 
in a series of publications dating from 1908 to 1917, champions this 
view and terms the granules in question “germ cell determinants.” 

According to the descriptions of numerous other authors, these 
posterior polar granules are congregated in a disk-shaped area in the 
peripheral periplasm at the posterior end of the egg. Gambrell ( 1933) , 
in discussing this mass of granules in Simulimn , says that it lies just 
beneath the surface at the posterior end and appears as a sharply out- 
lined, irregular, and darkly staining body which is completely imbedded 
in the formative protoplasm. Butt (1934) describes it for Sciara as 
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follows : u At the posterior pole in the periplasm lies a saucer-shaped 
granular plate, the germinal cytoplasm or germ line determinant.” 
Iiuettner (1923), in his work on Drosophila , used Heidenhain’s iron 
haematoxylin almost exclusively for staining his sections and found 
that the posterior polar granules stained black like the yolk spheres. 
Likewise Auten (1934), working on Phormia , found that the posterior 
granular plate stained deeply with Heidenhain’s iron haematoxylin. In 
view of these and other similar observations which appear in the litera- 
ture, it was expected that a typical disk-shaped area of darkly staining 
granules would be found at the posterior pole of the flea egg. However, 
in none of the numerous preparations of pulicid eggs made during this 
investigation is such an area indicated. The general appearance of the 
posterior polar plasm of flea eggs has been described in a previous 
section. In view of the importance of this substance in the differentia- 
tion of the germ cells, the following further details are given. At the 
posterior pole the periplasm is shown to be widened, in a few sections, 
to form more or less of a cap (pi. 5, fig. 43). This cap is entirely free 
from yolk spheres. This is its chief distinguishing characteristic, for, 
in the remaining portions of the periplasm, the yolk structures often 
appear to extend nearly to the surface. This posterior polar cap is 
uniformly faintly granular like the rest of the peripheral protoplasm. 
Furthermore, like the other regions of the egg, it may possess Bloch- 
niann's corpuscles. But never in any of the sections prepared for this 
study does it contain any structures which may be interpreted as 
corresponding to the darkly staining polar granules of other insect 
eggs. As previously stated, some of the sections were stained with 
Heidenhain’s haematoxylin and, although the yolk spheres were 
colored black, there were no similarly stained posterior polar granules 
present. The remainder of the sections made of the early stages were 
stained with Delafield’s haematoxylin with a counterstain of eosin. 
Gambrell (1933) used this same combination extensively and found 
the polar granules clearly indicated thereby. Butt (1934) used Bourn's 
fluid for fixation, a reagent utilized for the majority of the eggs 
sectioned in this study, and successfully demonstrated the granular 
plate in Sciara. It may be assumed, therefore, that the fixation and 
staining techniques employed during the present investigation are 
favorable to the visibility of posterior polar granules, and their 
apparent absence in this case may be taken as an indication that such 
granules do not occur in the eggs of the three flea species under 
consideration. 

This apparent absence of posterior polar granules, however, appears 
to be not without precedent in the eggs of insects. Nelson (19x5), in 
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his thorough and extensive study of the embryology of the honey bee, 
makes no mention of the presence of posterior polar granules in the 
eggs of this insect, lie, too, used Bouiu’s fluid for fixation and iron 
haematoxylin for staining and found that the yolk spheres slain deeply 
by this method. As he could hardly have failed to observe a limited 
posterior polar area of granules had one been present, it may be 
inferred that the eggs of the honey bee, like those of (leas, lack these 
particles. 

While Hegner’s interpretation of the significance of posterior polar 
granules has been accepted by numerous workers, other embryologists 
have opposed his view. Huettner (1923), particularly, has taken this 
position. In 1901 Noack reached the conclusion that these granules 
are yolk spheres. Huettner, however, demonstrated that this is not 
the case, and showed furthermore that they are not mitochondria. He 
also noticed, as Noack had already pointed out, that all of the germ 
cells do not receive an equal number of these granules. Therefore, in 
contrast to the germ cell determinant hypothesis, he believes it 
“probable that the posterior polar granules may be only by-products of 
the posterior germ plasm and have nothing to do with the determina- 
tion of the germ cells.” In spite of his suggestion that the term be 
laid aside, some recent workers continue to use it. Du llois (1932), 
Gambrell (1933), and Butt (1934), all write of these granules as 
germ cell determinants. The fact elucidated above, that the eggs of 
certain insects such as fleas lack posterior polar granules, appears to 
be conclusive evidence that these structures are not the differentiators 
of the primordial germ cells. 

The two general types of germ cell differentiation in insects are 
illustrated by Miastor and Drosophila respectively. In the former, 
as shown by the studies of Mctchnikoff ( 1866), Kahle (1908), and 
Hegner (1912 and 1914a), a single primordial germ cell gives rise 
to all the germ cells of the organism. In Miastor the parent nucleus 
of all the germ cells is differentiated from its fellows in the 8 nucleus 
stage when it migrates into the posterior polar plasm. Thereafter, this 
entire polar plasm with its nucleus is cut off from the egg to form the 
primordial germ cell, which by subsequent divisions produces all the 
gonial cells of this fly. 

In contrast to this single cell origin for all the gonial cells, the 
majority of insects appear to derive their germ cells by a somewhat 
different method. In Drosophila, for example, as shown by Huettner 
(1923), a variable number of cleavage cells migrate into the posterior 
polar plasm and each is constricted off as a primary germ cell. In 
Drosophila this number varies from 6 to 20. In some eggs, the total 
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number extruded indicates beyond question that they could not all 
have arisen by the synchronous division of a single primordial germ 
nucleus. Noack (1901) found the same type of germ cell differentia- 
tion occurring in Calliphoia. In this form 15 to 20 polar nuclei are 
pushed out posteriorly at one time. Recently, Lassmann (1936) has 
shown that germ cell differentiation in Melophagus is of this type. 

In the case of flea eggs, the germ cells develop by a method com- 
parable to that which takes place in Drosophila , Calliphora , and Melo- 
phagus. A variable number of cleavage nuclei pass into the posterior 
polar plasm and constrict off from the body of the egg, surrounded 
by some of this differentiating ooplasm, to become the first germ cells. 
Figures 46 and 47 (pi. 5) show several of these completed germ cells 
lying just within the vitelline membrane. The enlargement for figure 
46, showing three germ cells, was made from the whole egg section 
shown in figure 42 (pi. 4) . 

Numerous insect embryologists, including Gatenby (1918) working 
on Trichogramma , have shown that the polar nuclei which are destined 
to become germ cell nuclei can in no way be distinguished from the 
other cleavage nuclei except by their location in the posterior polar 
plasm. In the eggs of fleas, all the nuclei present in the egg at this 
stage are similarly indistinguishable, and because the posterior polar 
plasm is not demarcated, as in most other insect eggs, by its unique 
granular appearance, it is impossible to recognize them with certainty. 
Until they begin to protrude from the egg’s surface, one may only 
assume that the nuclei located nearest to the longitudinal axis of the 
egg at its posterior pole are destined to become germ nuclei (pi. 5, 
fig. 44). 

Several germ cells make their appearance in the eggs of fleas simul- 
taneously. The first indication of their constriction is the formation 
of rounded swellings of the egg surface at the extreme posterior pole. 
Figure 45 (pi. 5) shows three germ cells bulging out preparatory to 
constriction. In some eggs, such as the one illustrated, the cytoplasm 
of the protruding cells may possess a granular appearance. The 
minute structures which are responsible for this appearance are not to 
be confused, however, with the described posterior polar granules of 
other insects. Instead, as already stated, they are to be identified as 
comparable to Blochmann’s corpuscles. Their number is negligible in 
some preparations and profuse in others. Furthermore, unlike polar 
granules, they are distributed throughout the entire vitelline and 
periplasmic regions of the egg. 

In the discussion on cleavage it was stated that in the eggs of fleas 
all nuclei entering the periplasm usually arrive there at the same time, 
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the only exception being that in some cases the most posterior nuclei 
arrive at the periphery shortly after the others. Judging from their 
position, these extreme posterior polar nuclei are to be regarded as 
future germ cell nuclei. Their delayed arrival at the periplasm appears 
to be at variance with the case of Drosophila , for which TJuettncr 
(1923) says that the polar nuclei apparently begin their migration a 
trifle earlier than the preblastema nuclei. As already suggested, the 
retarded arrival of the posterior nuclei in flea eggs may be ascribed to 
the fact that in certain cases the fusion nucleus is located somewhat 
anterior to the center of the egg when it divides. 

The first appearance of protoplasmic pockets anticipating the con- 
striction of germ cells, occurs soon after the nuclei have entered the 
periplasm to form the blastema. This is at the 128 nucleus stage, or 
following the seventh cleavage division. At this stage, some 15 nuclei 
are present in the periplasm in a sagittal section. The beginning of 
germ cell protrusion in flea eggs is relatively precocious when com- 
pared with Drosophila. In fact, the migration of the preblastema and 
pregerm cell nuclei is likewise earlier for the fleas than for the 
pomace fly. In the latter, according to Huettner (1923), it is not until 
after the next or eighth cleavage division that the nuclei begin to 
migrate toward the periphery. 

The sections prepared for this study show that as the protrusions 
caused by the first germ cells become more prominent, others which 
are more lateral in position begin to make their appearance. Even 
when the most posterior cells are completely constricted, others may 
be just beginning to bulge out. There is consequently such a gradual 
transition from the ordinary blastema nuclei to the more median germ 
cells that it is impossible to determine, with any degree of accuracy, 
a boundary of distinction between the two types of nuclei. The first 
germ cells to be constricted appear to become complete during the 
second blastema substage, or after the eighth cleavage division. Con- 
striction of those more lateral in position may continue into the early 
part of the third blastema substage following the subsequent or ninth 
cleavage division. The germ cells then reenter the nucleated periplasm 
during either the latter part of the third or during the fourth blastema 
substage before the cell territories of the blastoderm are delimited. 
Figure 48 (pi. 5) shows the germ cells after their return into the body 
of the egg. This reincorporation of the germ cells in the blastema 
surface is in accordance with the recent works of Butt (1936) on 
Brachyrhinus , and of Wray (1937) on Calendra , but at variance with 
the account of Hegner (1909a) for chrysomelid beetles. Hegner 
states that the germ cells of these insects remain outside the egg body 
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until blastulation is completed. Their entry later is by means of 
incompleted points of the blastoderm, termed pole canals. The situa- 
tion in flea eggs differs likewise from that which Lassmann (1936) has 
found in Metophagus. In this form, the germ cells do not reenter 
the egg until much later. Instead, they lie for a time in the differen- 
tiating amnio-proctodaeal cavity and not until this has deepened con- 
siderably do they effect an entrance into the embryo. 

By counting the total number of germ cells shown in the series from 
which the section for figure 46 (pi. 5) was taken, there were found 
to be eight. As a single nucleus, by three consecutive divisions pro- 
duces eight nuclei, it might be inferred that these germ cells had a 
mononuclear origin. Such a circumstance could be harmonized with 
what occurs in such insects as Miastor or Cliironomus. In the latter 
fly, according to Hasper (1911), a single primordial germ cell protru- 
sion takes place. This divides into two cells as it constricts from the 
egg, and this division is followed by two others, so that, in all, eight 
germ cells are produced. If there were always eight such cells formed 
in flea eggs it might be assumed that they had originated from a single 
cleavage nucleus which could not be distinguished from the other 
nuclei in the egg, owing to the absence of posterior polar granules. 
An examination of other serial sections of eggs of the same stage, 
however, shows that in fleas the total number of germ cells produced 
is variable. Some eggs possess as few as 5, whereas others have as 
many as 12. Reference has already been made to the synchronous 
division of the cleavage and blastema nuclei. Because of the fact that 
the germ cells begin to push out as soon as the immigrating nuclei have 
entered the periplasm, it is apparent that all the germ nuclei were 
produced by the seventh cleavage. Obviously, therefore, they origi- 
nated simultaneously with all of the other nuclei present in the egg. 
It is consequently impossible for any total number (also total progeny) 
of germ cells numbering between 5 and 15, other than 8 (2 J ) to be 
produced from a single ancestral nucleus. The presence of variable 
numbers of germ cells in the eggs of fleas indicates for them a poly- 
nuclear origin. 

The further history of germ cells in insects has until now been 
traced completely only in forms possessing differentiating posterior 
polar granules. For example, Hegner (1909a) found, for Calligrapha , 
that after reentering the eggs by the pole canals, these cells creep along 
between the yolk and the germ band to form, eventually, two groups 
near the developing coelomic sacs. These aggregates acquire follicular 
envelopes, probably mesodermal, and the gonads are completed. Like- 
wise Lassmann (1936) was able to trace the germ cells of Melophagus 
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to their final position in the larval gonad. In this genus, as already 
stated, the germ cells lie for a time in the amnio-proctodaeal cavity 
and then pass through the embryonic wall. The}' then move along on 
the posterior mesenteron rudiment to the developing gonad. 

Although the germ cells of fleas lack posterior polar granules, they 
are nevertheless distinguishable from the other early cells of the 
embryo by their larger size, their more prominent nuclei, and the 
usual clearness of their cytoplasm (pi. 5, fig. 48; pi. 12, figs. 89, 90). 
They enter the surface layer during the blastema stage, as described, 
and with the completion of blastulation are to be found incorporated 
in the blastoderm at the posterior end of the egg ( pi. 5, fig. 48) . With 
the appearance of the posterior mesenteron rudiment, the germ cells 
no longer form a part of the blastoderm, but come to lie on the inner 
surface of the rudiment (pi. 6, fig. 50 - The whole egg section from 
which this enlargement was made is shown in figure 14 (pi. 2). When 
the posterior portion of the germ band is involuted into the yolk, the 
germ cells, together with the posterior mesenteron rudiment, arc 
carried along. At this stage they lie on the embryonic tail at a point 
near which it is continuous with the amnion. From here they pass, 
at a later stage, into the epineural sinus where they form two aggre- 
gates. The two groups of germ cells move slowly forward, one on 
each side of the differentiating body cavity, where they are finally 
incorporated into the gonads as described in a later section. 

Of the five workers who heretofore have written on the embryology 
of fleas, only two have observed the germ cells. One was Balbiani 
(1875) who, at a later date (1882) published an admirable work on 
the germ cells of Chironomus . In his paper on the development of 
the cat flea, he describes what he believes to be the germ cells in a 
stage somewhat later than that in which the embryonic membranes are 
completed. He says: “The organ of reproduction is already visible in 
the form of a small mass of clear cells located along the internal aspect 
of the abdomen immediately below the posterior margin of the 
vitellus. No envelope or cellular wall surrounds this group of germ 
cells.” The fact that he describes them as clear cells substantiates the 
identification of the germ cells herein noted as well as the conclusion 
that the cytoplasm of flea germ cells is lacking in the polar granules 
common in those of other insects. 

While Balbiani saw nothing of the early stages of the germ cells, 
it is apparent that Packard (1872) actually observed them at the time 
of their constriction. According to the terminology of his time he 
called them “pole cells.” Although Metchnikoff (1866) had already 
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indicated the significance of corresponding cells in Mi as tor, Packard 
was content to state that they disintegrated when he lost track of them. 
His contributions to this subject are best shown by quoting his 
statements : 

There was observed a vacant space between the yolk and the chorion at the 
posterior pole, the egg contents completely filling out the opposite end. Also 
at this time the end of the egg distinctly bulges out, and in this shallow sinus are 
four distinct polar cells and a small indistinct one in addition, they are dis- 
tinctly nucleated just as in Chironomus. There seems to be a membrane 

(I suppose the vitelline membrane) retaining these polar cells in place 

About two hours later, the vacant space at the posterior pole of the egg has 
disappeared, and the yolk and protoblastoderm have pushed up against the 
vitelline membrane and polar cells. In half an hour’s time more, the yolk mass 
has advanced half way to the polar cells. At this time there were no signs 
of blastodermic cells. A few hours later, probably not over thirty after the egg 
had been laid, the blastoderm cells had appeared around the yolk. Soon after 
this the polar cells break down and disappear. 

Weismann (1863) does not mention the germ cells in the dog flea 
eggs which he studied, yet he goes into some detail in his discussion of 
the “pole cells” which he observed in Chironomus and Calliphora, 
the other two insects considered in the same paper. This is accounted 
for by the fact that the rather opaque chorion in Ctenocephalides cants 
makes it impossible to observe the finer details of structure in whole 
mounts. As he was unsuccessful in his attempts to remove the chorion 
without injury to the vitellus and embryo, his discussion of the embry- 
ology of fleas is very limited. In Calliphora , and Chironomus particu- 
larly, the chorion is transparent. 

It appears that the germ cells of fleas have not been studied by the 
section method heretofore, although both Tikhomirowa (1890) and 
Strindberg (1917) used this technique in their investigations on 
pulicid embryology. The former does not mention the germ cells, 
while Strindberg says that they are not disclosed in the eggs of 
Archaeopsylla erinacei, 

FORMATION OF THE GERM BAND 

At the conclusion of blastulation, the blastoderm cells are equally 
distributed over the surface of the egg. This condition is characteristic 
of the undifferentiated blastula. Soon, however, there occurs a con- 
centration of cells toward the ventral midline and polar surfaces of 
the egg. This crowding of the cells toward the ventral midline is the 
first step in the formation of the ventral plate which in turn anticipates 
the germ band (pi. 6, fig. 50). The cells of the median dorsal region 
appear to be somewhat flattened by the lateral tension exerted upon 
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them. In contrast, the cells of the future ventral plate, owing to 
crowding, have elongated and become slightly columnar. The ventral 
region, therefore, is somewhat thickened. There is, however, no sharp 
line of demarcation between the thinned and thickened areas (pi. 1, 
fig. 6). Although somewhat differentiated by cell concentration and a 
consequential thickening appearing along the ventral surface, the egg 
is still bounded at all points by a single layer of cells. It is still to be 
regarded, therefore, as a blastula, and is specifically in the second 
blastula substage. In fact, another or third blastula substage follows 
this. 

The transformation from the second to the third blastula substage 
is accomplished by a division of the cells constituting the thickened 
areas of the blastoderm. This is the eleventh mitotic division, number- 
ing from the z3 r gotic nucleus. The cells of the middorsal thinned 
region do not appear to participate in this division. Owing to the con- 
centration of the cells in the thickened regions, particularly along the 
midventral line and its continuation around the poles, some of the 
nuclei may be forced inward, an illusion of a double cell layer thus 
being given. A somewhat similar apparently double-layered blasto- 
derm has been described with different explanations in the eggs of 
certain other insects including Apis (Kowalevsky, 1871 ; Petrunke- 
witsch, 1901; and Nelson, 1915), Polistcs (Marshall and Dernchl, 
1905), and Ph ormia (Auten, 1934). 

The multiplication of cells just described results in a still greater 
thickening of the germ band anlage. This is enhanced further by a 
change in shape of the cells of the ventral plate. Dy this change the 
cells lose their roughly triangular shape, become elongated, narrowed, 
and truly columnar. The narrowing allows space for the nuclei to 
reassume a single linear relationship, restoring the single layer 
appearance. 

In contrast to the cells of the thickened portion of the blastoderm, 
those of the thin dorsal region seem to have remained quiescent and 
from the surface present a squamous epithelial appearance. Another 
striking difference between the cells of the two regions is that the 
majority of the columnar cells possess a large vacuole adjacent to 
the inner margin of the nucleus. This vacuole is absent in the flattened 
cells. Nelson (1915) describes a similar stage for Apis, but claims 
that in the development of this insect the thin dorsal strip regains a 
thickness equivalent to the remainder of the blastoderm, and then 
once again is reduced to a thin sheet of flattened cells. No such thick- 
ening and subsequent rethinning is evident in the eggs of fleas. 
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The remaining or thickened portion of the blastoderm is termed the 
ventral plate. As stated, it is thickest along the median line, extending 
to the anterior pole and somewhat around the posterior pole of the 
egg. While at first there is no sharp line of demarcation between 
the thinned dorsal area and the thickened ventral blastoderm, along 
the midlinc near anterior and posterior extremities of the ventral plate 
rather abrupt thickenings soon become evident. These are the first 
indications of the so-called mesenteron rudiments, which at a subse- 
quent stage will form the midgut epithelium. They represent the 
first transformations of the single-cell-layered blastula to a multiple 
laminated condition. Figure 16 (pi. 2) shows the anterior mesenteron 
rudiment at the beginning of its formation, figure 15 (pi. 2) at a 
slightly later stage, and figures 23 (pi. 2), 53, 54 (pi. 6), and 25 (pi. 2) 
at correspondingly still later stages. The early development of the 
posterior mesenteron rudiment is indicated in figures 14 (pi. 2) and 51 
(pi. 6). The details of their later history will be described below. 

FORMATION OF EMBRYONIC MEMBRANES AND INVOLUTION 
OF THE EMBRYO 

The embryos of fleas, like those of most other higher insects, become 
covered by two embryonic membranes at an early stage in the devel- 
opment of the germ band. The outer of these envelopes is known as 
the serosa ; the inner one is termed the amnion. Both are cellular in 
nature and are produced from that portion of the blastoderm which 
is not involved in the formation of the ventral plate or embryonic 
rudiment. The amnion is continuous with the germ band, whereas the 
serosa, although during its formation continuous in turn with the 
amnion, ultimately loses even secondary connection with the embryo 
so as to form an entirely independent covering lying just inside the 
vitelline membrane. 

The formation of the embryonic membranes in insects, although 
fundamentally similar, varies considerably in different forms as to 
its details. These variations are due to the relationship of the germ 
band to the vitellus. 

The first indication of embryonic membrane formation in flea 
embryos is the appearance of two shallow indentations of the ventral 
plate, the beginnings of the amnio-serosal folds. Most authors call 
these simply the amniotic folds, but because of the dual fates of each, 
the compound name of amnio-serosal fold used by Wray (1937) has 
been adopted here. 

One of these indentations is anterior in position, being located at a 
point on the germ band which is somewhat anterior to the location 
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of the anterior mesenteron rudiment (pi. 2, fig. 23). Because of the 
extremely long embryonic rudiment that is developed in ilea embryos, 
this anterior depression lies at the anterior pole of the egg. Its anterior 
margin soon grows out to form a double fold (pi. 6, figs. 53, 54), the 
anterior amnio-serosal fold. Its inner layer, which is continuous with 
the ventral plate, will become the anterior part of the amnion ; its outer 
layer is destined to become the anterior portion of the serosa. This 
anterior amnio-serosal fold, as it increases in length, gradually extends 
farther laterally (pi. 6, fig. 52), ventrally, and posteriorly. Because 
of the greater width of the anterior portion of the germ band (pi. 7, 
figs. 55> 57), due to the presence of the proeeplialic lobes in that 
region, the anterior amnio-serosal fold is much wider than the cor- 
responding posterior fold. Posterior to the cephalic region the anterior 
fold narrows correspondingly to the width of the germ band. This 
anterior amnio-serosal fold in flea embryos arises in the same manner 
as do both the anterior and posterior folds in those insects which have 
the germ band wholly superficial. 

The posterior of the two primary amnio-serosal fold indentations 
occurs on the ventral plate immediately posterior to the posterior 
mesenteron rudiment. Its position lies somewhat around the posterior 
pole of the egg toward the dorsal surface. At first the posterior amnio- 
serosal indentation is identical to that of the anterior fold, but this 
resemblance is transitory. It is true that the posterior fold is gradually 
extended forward as its anterior counterpart is extended posteriorly, 
but in the case of the posterior fold the indentation increases in depth 
until it extends through the yolk about half way to the anterior pole 
of the egg (pi. 7, figs. 55 to 57). This extensive deepening of the 
posterior amnio-serosal indentation carries the posterior portion of 
the germ band deep into the vitcllus. This inward movement of the 
embtyo is to be regarded as a partial involution process corresponding 
to the extreme type which is characteristic of odonatc and hemipteran 
embryos. 

Coincident with the involution of the posterior end of the germ 
band, the two amnio-serosal folds approach one another (pi. 7, fig. 56), 
and finally join at the midventral region of the egg. When they 
come into apposition their intervening walls rupture, and the inner or 
amniotic layer and the outer or serosal portion of each fuse with the 
corresponding parts of the other. This fusion occurs during the third 
day of the embryonic period. In this way there occurs a complete 
separation of the two embryonic envelopes, producing a double pro- 
tective covering for the embryo over its ventral surface (pi. 7, fig. 57 ; 
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pi. 9, figs. 67, 70). The serosa is formed in part by the outer layers of 
the amnio-serosal folds and in part by the blastodermal covering over 
the vitellus. In some insect embryos such as those of Leptinotarsa 
(Wheeler, 1889), Sciara (Butt, 1934), and Brachyrhinus (Butt, 
1936), a small portion of the dorsal blastoderm does not take part in 
the formation of the serosa. Instead, the cells of this portion clump 
together dorsally to form the so-called primary dorsal organ which 
is soon absorbed by the vitellus. In the embryos of fleas, however, no 
indication of such a primary dorsal organ is apparent, as the entire 
dorsal blastoderm is incorporated in the serosa. Soon after com- 
pletion, the serosa becomes separated from the yolk surface and may 
for a time be observed as an entirely independent membrane composed 
of extremely squamous cells lying within the vitelline membrane. 

In contrast to the serosa, the amnion covers only the surface of the 
germ band, its margins being continuous therewith. The space be- 
tween this envelope and the embryo constitutes the amniotic cavity. 
Its anterior portion is formed by the overgrowth of the anterior amnio- 
serosal fold, its middle part by a similar growth of the lateral amnio- 
serosal folds (pi. 6, fig. 52), and the posterior part incorporates the 
lumen produced by the involution of the caudal end of the germ band 
(pi. 7, figs. 56, 59, 60). In accordance with the double nature of the 
posterior portion of the amniotic cavity at this stage, Lassmann (1936) 
has proposed the significant name of amnio-proctodaeal cavity. This 
term has been adopted here. It is worthy of note that the embryonic 
rudiment is not terminated at the inner end of this amnio-proctodaeal 
lumen as might be expected. Instead, it is continued around ventrally 
for a short distance before it connects with the amnion. 

Histologically, the amnion and the serosa present a similar appear- 
ance. Both arc composed of extremely flattened cells which, in section, 
appear as thin spindles. At the center of each such cell is a somewhat 
expanded area containing the nucleus (pi. 2, fig. 22). In the case of 
the serosa, as this envelope expands in drawing away from the surface 
of the vitellus, it becomes further attenuated so that its cells become 
even more compressed. Neither membrane shows any indications of 
cell division. 

The movements of the germ band in flea development which cor- 
respond to the blastokinetic processes of hemipteran and odonate 
embryos are described at this point. Attention has already been called 
to the fact that the embryonic rudiment in fleas is partly superficial and 
partly involuted. At the end of the second day of the embryonic period 
the involution of the caudal region has reached its maximum, and the 
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posterior third of the embryo lies completely surrounded by yolk and 
directed toward the anterior end of the egg (pi. 7, fig. 56). During 
the next 1 2 hours, however, there is a withdrawal of the involuted 
portion from the deutoplasm (pi. 7, fig. 55) • This process corresponds 
to the more complex phase of blastokinesis known as revolution, which 
occurs in certain other insects, but the details are quite different. In 
the case of fleas it involves no rupture of the embryonic membranes. 
Furthermore, instead of withdrawing along the line of involution, the 
involuted caudal portion of the germ band in fleas merely pulls through 
the yolk toward the dorsal surface of the egg so that when the process 
is completed the entire embryo lies at the surface (pi. 10, figs. 73, 74, 
75). During the processes of involution and that which corresponds 
to revolution of other forms, there has occurred a considerable in- 
crease in the length of the anterior end of the germ band. At this 
stage, therefore, it extends entirely around the anterior pole of the egg 
and is directed posteriorly on the anterior dorsal surface. With the 
withdrawal of the posterior end of the embryo from the yolk, its 
anterior and posterior extremities almost touch. The embryo at this 
stage is about 60 hours old. 

FATES AND SIGNIFICANCE OF THE EMBRYONIC ENVELOPES 

The embryonic envelopes of insects exhibit important differences 
as to their fates. However, the development of fleas includes a combi- 
nation of fates for the amnion and serosa which appears to be unique. 

Mention has been made of the fact that no structure, homologous 
to the primary dorsal organ of such forms as Leptinotarsa , , Sciara, 
and Brachyrhinus is found in flea development. Likewise, there seems 
to be no primary dorsal organ of the type, described by Wray (1937) 
for Calcndra , which has nothing to do with the embryonic membranes. 
Nevertheless, in order to avoid confusion with these two types of 
dorsal structures, the use of the term primary dorsal organ for the 
first dorsal body formed in fleas is avoided. Therefore, the first such 
structure differentiated in siphonapteran development is herein called 
the second dorsal organ. 

In the embryology of fleas the serosa ruptures ventrally early in 
the fourth day, and is drawn dorsally to form an indistinct clump of 
cells which lies for a short time on the dorsal surface of the yolk as 
the second dorsal organ. It is gradually absorbed by the vitellus. This 
rupture of the serosa and its formation of the second dorsal organ 
corresponds to the fate of this membrane in the Trichoptera and 
Chironomus (Graber, 1888b). By contrast, the serosa in Leptinotarsa 
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(Wheeler, 1889) and Calendra (Wray, 1937) remains intact until the 
time of hatching. 

In flea embryos, the amnion, after the rupture of the serosa, 
becomes completely detached from the embryo and forms a complete 
envelope enclosing the egg contents for a time. However, it remains 
for only a short time after the absorption of the serosa. Then it, too, 
ruptures ventrally and contracts dorsally to form the third dorsal 
organ (pi. 2, fig. 24; pi. 11, fig. 79). This occurs toward the end of 
the fourth day. The third dorsal organ is absorbed by the vitellus 
immediately before the dorsal closure of the embryo. The rupture and 
absorption of the amnion is similar to the fate of this membrane in 
Leptinotarsa (Wheeler, 1889) an ^ Calendra (Wray, 1937)- It differs 
from what occurs in the Trichoptera and Chironomus (Graber, 1888b) 
in which forms the amnion persists until eciosion. The rupture of 
both the serosa and amnion in Siphonaptera contrasts with the fates 
of these membranes in the Lepidoptera (Ganin, 1869) and in the 
Tenthredinidae (Graber, 1890), in which forms they both persist 
until hatching. 

Strindberg (1917) alone, of those who have written on the embry- 
ology of fleas, mentions the fates of the embryonic envelopes. Appar- 
ently, however, he was handicapped by insufficient material and was 
therefore unable to determine the complete sequence of events. He 
notes that both the embryonic membranes cease to be conspicuous at 
one stage and then speaks of finding their degenerating cells inside the 
vitellus a little later. Nevertheless, he states that no dorsal organ is 
formed, thereby indicating that he missed the significant intermediate 
stages. 

The question of the functional significance of the amniotic cavity 
to the development of the embryo is one which suggests itself at this 
point. Wheeler (1889), in discussing this problem for insects in 
general, regards this cavity as a place for the temporary deposition of 
excreted matter and therefore as an organ functionally analogous to 
the allantois of higher animals. He says: *Tt seems probable that 
while the inner ends of the ventral plate cells are absorbing and 
metabolizing the yolk, their outer ends are at the same time giving off 
into the amniotic cavity a less amount of liquid waste products/' This 
appears to be a logical explanation especially applicable to the develop- 
ment of flea embryos for which Wheeler’s hypothesis may be extended 
as follows : As already stated, the terminal portion of that part of the 
amniotic cavity wliich is formed during the involution of the embryo 
is connected with the proctodaeum to form the amnio-proctodaeal 
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cavity. The malpighian tubules which serve as excretory organs for 
the larva have an extremely early origin and arise as invaginations of 
the proctodaeum (pi. 9, fig. 71). It is possible that they may serve an 
excretory function in the embryo as well as in the larva. The opening 
of the proctodaeum into the amniotic cavity is at least significant, 
especially since in flea embryos the amnion remains intact until the 
embryonic period is more than half over. When its connections with 
the embryo are finally broken, the katabolistic products are still pre- 
vented from contaminating the deutoplasmic food supply by the 
provisional covering over the vitellus formed by the second dorsal 
organ. As the latter is absorbed, the amnion forms the third dorsal 
organ which in turn blocks the exposed surface of the yolk until the 
dorsal closure of the embryo. This appears to be the first suggested 
function for either an amniotic or serosal dorsal organ which has been 
advanced. 


GERM LAYER DIFFERENTIATION 

Coincident with the formation of the embryonic membranes and 
the involution of the posterior portion of the germ band, there occurs 
in the development of flea embryos what corresponds to the gastrula- 
tion process of other animals. In fleas, however, as in other insects, 
the ontogenetic process is so distorted by heterochrony and coeno- 
genetic modification that it is difficult to recognize the relationship of 
this process to the less specialized and more fundamental method of 
gastrulation by invagination which is so general throughout the ani- 
mal series. 

The so-called entoderm of insects consists of those embryonic 
aggregates of cells which go to form the inner lining of the mesen- 
teron. In flea development, these entoderm anlagen are two in number 
and consist of the mesentercn rudiments which have been mentioned 
in an earlier section. The appearance of these rudiments marks the 
initial step in the transformation of the organism from a simple mono- 
blastic to a triploblastic stage. Both rudiments appear simultaneously, 
immediately following the concentration of the blastoderm cells to- 
ward the ventral surface of the egg. 

The anterior mesenteron rudiment (pi. 2, figs. 15, 16, 23) originates 
at a point on the future embryonic midline which is ventral to the 
anterior pole of the egg mass. The first step in the formation of the 
rudiment is a change in the general appearance of the blastoderm cells 
over the region where the rudiment is to appear. Previously, all the 
cells comprising the ventral and lateral thickened areas of the blasto- 
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derm, excepting the germ cells, have been columnar in shape. At 
this stage, however, the cells which are to form the anterior mesenteron 
rudiment assume an irregularly cuboidal or spherical outline. A simi- 
lar appearance of the cells comprising the mesenteron rudiments of 
Lcptinotarsa (Wheeler, 1889) and Apis (Nelson, 1915; has been 
observed. 

The mesenteron rudiments of fleas are not originated by a process 
of cellular proliferation from the blastoderm such as Carriere and 
Burger (1897) have described for Clialicodoma. Neither is there an 
invagination of the blastodermic layer in its formation. Instead, the 
process is by migration of cells from the ventral blastoderm. With 
the changes in the appearance of the future mesenteron rudiment cells, 
which have been described above, the cells themselves tend to become 
loosely arranged. This loosening results in the appearance of numer- 
ous minute interstices between the cells of the rudiment anlage. It is 
probably responsible for the rounding out of the cells as well. The 
interstices are not apparent for long, as the cells soon migrate below 
the surface in an apparently confused mass and then become compactly 
arranged to form the rudiment proper. The loss incurred by the 
emigration of cells from the surface is gradually made up by the 
approximation of the blastoderm over the mesenteron rudiment. For 
some time previous to this, however, there remains an irregularly out- 
lined and extremely shallow pit (pi. 6, fig. 53) over the mass of cells 
which may now be regarded as constituting the entoderm. The process 
up to this time is similar to that found in Apis (Nelson, 1915). In 
flea eggs, however, the shallow pit is finally closed over by the blasto- 
derm (now ectoderm at this point on the surface of the egg mass) 
in contrast to the case of Apis, in the development of which Nelson 
observed that a plug of mesenteron cells reaching to the external 
surface remained after the approximation. In spite of the fact that 
it completely covers the rudiment of the mesenteron, the ectodermal 
sheet over this area in flea ova may be slightly indented to form a 
second shallow depression which is to be recognized as the location 
for the stomodaeal invagination. 

While there is no evidence that cell proliferation has played any 
part in the formation of the anterior mesenteron rudiment up to this 
time, subsequently the rudiment increases in thickness by the multi- 
plication of its cells. This is shown by the presence of mitotic figures 
among the cells of the lower portion of the entoderm mass. The 
anterior margin of this anterior mesenteron rudiment is thinned out 
rather abruptly and terminates at a point which is located slightly 
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posterior to the point of origin of the developing amnio-serosal fold. 
The short interval of undifferentiated blastoderm which separates the 
two is some dozen cells in length ( pi. 2, fig. 25 ; pi. 6, fig. 54). 

The origin of the posterior mesenteron rudiment, although essen- 
tially similar to that of its anterior counterpart, differs in certain 
details. The region of appearance in this case is dorsal to the pole 
rather than ventral. Furthermore, the length of the blastoderm con- 
cerned in its formation is considerably greater. The initial manifesta- 
tion of the formation of the posterior mesenteron rudiment is a thick- 
ening, accompanied by a flattening of the blastoderm slightly dorsal 
to the posterior pole of the egg (pi. 2, fig. 14; pi. 6, fig. 51). Owing 
to the later involution of the posterior portion of the germ band, 
the anlage of this rudiment is drawn from its place of origin to a 
point yet farther around the posterior pole of the egg. The greater 
length of the posterior rudiment, as contrasted to the anterior one, 
is noticeable at all stages in its development. Furthermore, its margins 
on all sides are less abrupt. Although the posterior rudiment tends 
to be somewhat thinner than the anterior rudiment at corresponding 
stages of development, it ultimately attains an equivalent thickness. 
This thickening takes place during the later phases of the involution 
of the germ band and is not completed until the tail of the embryo 
has reached the center of the egg. Figures 59 and 60 (pi. 7) show this 
aggregate of mesenteron cells lying immediately within the ectoderm 
adjacent to the posterior terminus of the amnio-proctodaeal cavity. 
Although a short portion of the ventral plate is continued around this 
terminus to connect with the amnion, the cells of the posterior mesen- 
teron rudiment are not included in this extension. 

The appearance of the two mesenteron rudiments marks the first 
step in the differentiation of the germ layers in flea development, but 
there soon follows a change in the nature and thickness of the 
remaining parts of the ventral plate. This consists of the process 
usually called gastrulation. In the development of fleas, as of other 
insects, this process results in the transformation of the blastoderm 
into a double-layered germ band. The superficial layer in this case is 
continuous with the sheets which cover the two mesenteron rudiments 
and like those coverings is to be regarded as ectoderm. The lower 
layer is continuous with the mesenteron rudiments, there being no 
sharp line of demarcation between either of them and this lower layer. 
Because of the part played by this lower layer in the organogenesis 
of the embryo, it is to be identified as mesoderm. 

The differentiation of the blastoderm of the ventral plate region 
in that section between the mesenteron rudiments is not identical in 
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all insects. An examination of the literature reveals descriptions of 
gastrulation in insects by the four following methods : 

1. The lower layer is formed by an emigration or proliferation of 
cells from the blastoderm along the median line of the ventral plate. 
No obvious median groove is produced to assist in this process ; in 
some instances all indications of such a groove are lacking. Korschelt 
and Heider (1899) discount the reports of the existence of this type, 
apparently because of their conviction that a tube, or groove at least, 
must be present as the remnant homolog of the gastrula-tube of other 
animals. There is no doubt, however, that such a method of lower 
layer formation actually exists in some insects. It has been observed 
by Heymons (1897) in Lepisma and by Uzel (1898) in Campodea. 
It is also described for the Collembola by Claypole (1S98), Phil- 
liptschenko (1912), and Weber (1933). In addition, it has been 
reported in several of the Pterygota by a number of workers including 
Korotneff (1885) for Gryllotalpa , Wheeler (1889) for Blatta , and 
Hagan (1931) for Hesperoctcnes. 

2. The lower layer arises by an emigration of cells from the blasto- 
derm along the median line of the ventral plate. In this case a distinct 
groove is formed, but its lips are not approximated to form a tube. 
This method has been described by Patten (1884) for Trichoptera, 
by Will (1888) for Aphidae, and more recently by Gambrell (1933) 
for Simnlium and by Auten (1934) for Phonnia . 

3. There occurs an actual invagination of the ventral midline blasto- 
derm to form a groove which changes into a closed tube by the 
approximation and fusion of its lips. This type of lower layer separa- 
tion has been reported in several of the higher insects such as Hydro- 
philus (Kowalevsky, 1871, Heider, 1885 and 1889), Lcptinotarsa 
(Wheeler, 1889), Chalicodoma (Carriere, 1890), Calliphora (Kowa- 
levsky, 1886), and Calendra (Wray, 1937). 

4. The middle portion of the ventral plate becomes separated from 
the lateral blastoderm. This middle plate then sinks inward while the 
lateral plates grow together and fuse over its outer surface. Like the 
third type described, this method has been reported only for certain 
higher insects. Among them are Apis (Nelson, 1915), Sphinx (Kowa- 
levsky, 1871), and Pieris (Bobretzky, 1878). 

In fleas the lower layer is produced by a combination of the first 
three methods listed above. In the anterior third of the ventral plate, 
including the brief section between the anterior mesenteron rudiment 
and the anterior amnio-serosal fold, there is a simple emigration of 
cells from the blastoderm, without the formation of a perceptible 
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groove (pi. 8, fig. 61 ; pi. 2 , fig. 17) . There is no proliferation of cells 
from the blastoderm by mitotic division such as Wheeler (1889) 
describes for Blatta. Instead, there is merely a sinking of the cells 
which are located at the midline. In certain cases this appears to be 
an irregular process similar to that which has been described for the 
formation of the mesenteron rudiments. Especially is this true in 
the region adjacent to the anterior rudiment where the transition from 
the cells of the lower layer to those of the rudiment is difficult to 
make out. Posteriorly, the migration of cells appears to become more 
regular. At the beginning of the second third of the ventral plate 
there is a gradual transition from this first method of lower layer 
formation to the second type which has been described above, viz, 
that in which the migration of cells is combined with the formation 
of a groove (pi. 8, figs. 62 , 63, 64) . This method is followed through- 
out the major portion of the germ band, and the groove is shallow in 
all places. The cells which form the sides of the groove are destined 
to form the lower la}er. These cells separate from those which are 
to form the ectoderm, the breaks occurring at the points where the 
blastoderm turns in to form the walls of the groove. In the meantime, 
the sides of the groove approximate, but never to form a tube. In 
some cases the mesoderm-forming cells migrate to the lower layer 
level in two parallel columns. At a point somewhat ventral to the 
posterior pole of the egg, the groove deepens abruptly. From this 
region on to a position only slightly anterior to the posterior mesen- 
teron rudiment, the sides of the groove wfiden out below the surface 
layer, after which the lips of the groove approach one another and 
fuse to form a true tube with a distinct lumen (pi. 2, figs. 18, 19 ; 
pi. 8, fig. 65). In the relatively short region at the posterior end of 
the embryo, between the posterior mesenteron rudiment and the section 
of the germ band where a tube is formed, a simple groove is again 
produced, the sides of w'hich appose as in the middle embryonic region. 
.\long the short length of germ band which forms the posterior 
extremity of the embryo and w r hich is carried around the terminus of 
the invaginating proctodaeum, the method of lower layer formation 
is identical to that which occurs in the anterior third of the egg (pi. 7, 

% 58). 

It has been stated that in the formation of the lower layer of flea 
embryos, proliferation of cells from the blastoderm does not play a 
part. Instead, the sunken cells arrange themselves so as to form a 
relatively simple row the full width of the germ band below the ecto- 
derm (pi. 9, figs. 69, 70). The details of this process vary according 
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to the method b} which the cells o£ the low T er layer reach their sub- 
merged positions. In the anterior region of the embryonic rudiment 
where the cells sink by an irregular migration, this lateral progress is 
likewise by an apparently haphazard movement ( pi. 9, fig. 67). In the 
section where the shallow groove is formed and in those regions of 
it in which the mesoderm-forming cells migrate in parallel columns, 
these lines of cells separate sharply at the lower level midline and pass 
in opposite directions toward the lateral limits of the germ band 
(pi. 8, fig. 64; pi. 9, fig. 69). This is in agreement with the observa- 
tions of Patten ( 1884 ) on N eo phyla x. In connection with that portion 
of the embryonic rudiment where a distinct mesodermal tube is 
formed, the beginning of the process is identical with that in which 
no groove is formed. The first cells to leave the surface pass inward 
with no space between them. The invagination takes place above this 
solid mass so that the lower wall of the tube, when it is completed, is 
two cells thick (pi. 8, fig. 65). With the compression of the tube 
to obscure its lumen, these lower cells separate and migrate laterallv 
to form the extreme marginal parts of the unproliferated lower layer. 
Figure 66 (pi. 8) shows this stage in a section cut at a level slightly 
posterior to that from which the one shown in figure 65 was made. 

In the three forms of lower layer formation which occur in the 
development of the flea embryo, it is evident that the first cells to 
leave the surface tend to form the most lateral portions of the meso- 
derm. The relative positions of the cells in the lower layer with 
respect to the midline are obviously the reverse to what they were 
when these same cells were still a part of the blastoderm. This situa- 
tion is the direct opposite of that occurring in Apis as described by 
Kowalevsky (1871) and Nelson (1915). Although the lower layer, 
when first formed in fleas, is typically only one cell in depth, it is 
soon thickened by cellular proliferation. This is shown by the mitotic 
figures which are evident among the mesoderm cells. 

Of the five workers who have written on the embryology of fleas, 
only those two who used the section method of study have mentioned 
the germ layers. These are Tikhomirowa (1892) and Strindberg 
( 1917). However, the statements of both of them in this connection 
are inaccurate. In respect to the origin of the lower layer { mesoderm) 
Strindberg omits its consideration entirely, confining his remarks to 
the mesenteron rudiments. He merely states that in Archaeopsylla 
crinacci the epithelium of the mesenteron is derived from one anterior 
and one posterior anlage originating from the lower layer. Since the 
mesenteron rudiments of the forms investigated during this study 
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make their appearances as differentiated areas of the blastoderm 
before the lower layer is produced, his observation appears to have 
been in error. 

While Tikhomirowa (1892) discusses the origin of the mesoderm 
at considerable length, her ideas are also inaccurate. Her paper is 
primarily a criticism of Patten’s article on the embryology of Nco- 
phylax ( 1884) in which he describes the mesoderm as originating 
from cells which migrate inward from the midventral blastoderm, the 
same method as has been described above for the middle region of 
the germ band in the case of fleas. Tikhomirowa did not base her 
observations on any of the Trichoptera, but insisted that, contrary to 
Patten's observations, it must arise in Neophyla . r in the same manner 
she claimed to observe it originate in the flea and in Chrysopa. She is 
emphatic in her assertions that in both of these insects the mesoderm, 
and the lining of the mesenteron as well, are derived from the yolk 
cells (trophonuclei) . Her views on this subject are clearly described 
in a translation of her own words : 

In summing up my observations on the formation of the ectoderm and primary 
entoderm, viz, the blastoderm and yolk cells respectively, .... I must contend 
that here the process is different from that described by Patten in regard to the 
phryganids which he studied. In examining his figures and comparing them 
with my own, I find a great deal of resemblance between them. For this reason, 
it seems to me that that author was mistaken in affirming that all the cleavage 
cells go into the formation of the blastoderm. It is very possible that he did not 
notice the negligible number of segmentation elements which remain in the 
interior of the vitellus at the beginning of the formation of the blastoderm and 
which remain in the center multiplying rapidly and giving rise to the primary 
entoderm. In regard to the formation of the mesoderm I have several series of 
slides which show definitely that its cells are derived from the primary entoderm 
(vitelline cells). If we should study one of the preparations representing the 
germ band, we would remark that the primitive groove is very indistinct, so that 
in this stage there is not the slightest possibility of the separation of a part of 
the ectoderm (blastoderm) for the formation of the mesoderm. In sections of 
eggs of the same stage, we see that the mesoderm is very distinctly set off from 
the ectoderm. Directly below the ectoderm are situated cells of the mesoderm, 
one right next to the other. Here we can follow clearly all the transitions of the 
nuclei of the primary entoderm, or rather of the nuclei of the vitelline cells, 
by their size, form, and coloration, even to the mesoderm close by. On this point, 
also, my observations differ from those of Patten who states for the phryganids 
that all the mesoderm is derived from the blastoderm cells in the region of the 

primitive groove I find in the earlier as well as later stages of Pidex 

scrraticepSj incontestable proof of the fact that the mesoderm is derived from 
the primary entoderm or vitelline cells. The series of slides of Pitlex scrraticeps 
which I possess, shows the formation of the mesoderm from its initial stage 
and proves beyond doubt that the first cells of the mesoderm are nothing else 
than the cellular elements remaining behind in the interior of the egg after the 
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formation of the blastoderm and which approach little by little and one after 
the other to finally touch the blastoderm from underneath. The irregular form, 
the largeness and the pale color of the nuclei of the first mesuderm cells show 
a perfect resemblance to the primary entoderm cells on the one hand, and their 
absolute dissimilarity regarding the same characteristics to the cells of the 
ectoderm on the other. I believe, therefore, that the origin of the mesoderm 
from the primary entoderm in Pule. v scrraticeps is beyond doubt. 

This quotation serves to illustrate the fact that the literature of 
insect embryology contains many errors. Frequently, as in the present 
case, the development of a certain form has been reinvestigated with 
opposite results, causing one to doubt the accuracy of much that has 
been written in this field. Such discrepancies are apparently due, in a 
large measure, to the difficulty of the technique involved. Fragmentary 
or otherwise poor sections prompt misinterpretations. The failure 
of Tikhomirowa to observe the origin of the mesoderm from the 
blastoderm may be ascribed to faulty preparations. It is a different 
matter, however, when one considers her derivation of the entoderm 
from the vitellophags. The origin of the cells which go to form the 
mesenteron epithelium has been one of the most debated questions 
concerned with insect development. In deriving the functional ento- 
derm from the trophonuclei Tikhomirowa was merely following the 
lead of numerous other investigators of her period. Their opinions 
were doubtless motivated by a desire to harmonize the origin of the 
germ layers in insects with the germ layer theory and with what was 
known to occur in other groups. In the majority of animals the 
entoderm is differentiated with the formation of the gastrocoel by 
invagination. Consequently, in such forms the entoderm lies at the 
interior of the egg. These workers expected, therefore, to find the 
entoderm cells originating from the nuclei contained in the yolk. It 
has been pointed out already that in other insects, as well as fleas, the 
primary trophonuclei are augmented by cells migrating into the yolk 
after the completion of the blastoderm. Dohm atid his followers, 
seeing such cells intermediate between the vitellus and the surface 
layer, probably mistook the direction of their progress and added this 
observation to substantiate their belief. It may have been an attempt 
to carry the germ layer theory one step farther that prompted Tik- 
homirowa to derive the mesoderm from the same source as that from 
which she supposed the entoderm originated. 

The mesenteron rudiments of flea embryos have been described in 
the present paper as originating from near the anterior and posterior 
extremities of the ventral plate blastoderm, making their initial appear- 
ance before the formation of the lower layer is evident. Such a 
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derivation, independent of the mesoderm, is not new to the literature 
of insect embryology. In 1897 Carriere and Burger described such a 
method of entoderm origination in both Chalicodoma and Tenebrio . 
Noack (1901) says that in Calliphora the entoderm cells are produced 
in the same manner. It is of interest to note that Uzel (1897a, 1898) 
states that the entoderm of the apterygote forms Lepisma and 
Campodea is likewise formed from cells which migrate in from the 
blastoderm. Philiptschenko (1912) describes the same origin for 
Isotoma . However, in these last two cases, in addition to the anterior 
and posterior rudiments, entoderm is proliferated along the embryonic 
band. 

EXTERNAL EVIDENCES OF SEGMENTATION AND CHANGES 
IN EMBRYONIC SHAPE 

Very early in the development of flea embryos, at the beginning of 
the second day and even before the differentiation of the germ layers, 
there becomes evident what appears to be a precocious segmentation 
of the ventral plate. The manifestations of this pseudosegmentation 
take the form of incomplete transverse zones of the ventral blasto- 
derm. They are incomplete in that the middle portion of the plate 
(consisting of the cells of the future mesoderm) is unaffected by 
this phenomenon. At first it appears that these precocious divisions 
correspond to the primary segmentation of the insect germ band which 
was first observed by Ayers (1884) in Oecanthus and later by Graber 
(1888a, 1890) in a number of different insects. These authors were 
able to distinguish four general regions in the early germ band. They 
were a primary cephalic, a maxillary, a thoracic, and an abdominal 
region. Graber attributed great phylogenetic significance to these 
divisions which he regarded as the primary body segments. Ac- 
cordingly, he termed them macro somites in contrast to the definitive 
body segments or microsomites into which they subsequently divide. 

Careful examination of flea embryos indicates that these general 
zones are more numerous than the four regions observed by Ayers 
and Graber. In fact their number is not constant and what is more, 
they soon disappear. Therefore, they are to be regarded as pseudo- 
segments which are due to some other factor than segmentation, 
perhaps a mechanical contraction. Wheeler (1889) describes a some- 
what similar phenomenon in Leptinotarsa and ascribes it to a 
wrinkling of the ventral plate. The fact that such segmental appear- 
ance is not evident in longitudinal sections of flea eggs of this stage 
substantiates this explanation. 
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The true segmentation of the germ band of fleas does not take place 
until the third day of development when the germ layers are com- 
pletely differentiated and revolution has taken place. This circum- 
stance differs, therefore, from that which occurs in other insects such 
as Hydro plulus (Kowalevski’, 1871), Chalicodoma ( Carriere, 1890), 
and Apis ( Nelson, 1915), in which the definitive segments are marked 
off even before the lower layer is formed. 

Preliminary to the segmentation of flea embryos, therefore, the 
double-layered germ band is produced. A description of this process 
as seen in sections has already been given. However, an understanding 
of its superficial appearances is requisite to the description of the 
external manifestations of segmentation. The superficial indications 
of the germ band become evident during the second day of develop- 
ment. The first of these consists of a flattening of the middle portion 
of the ventral plate preliminary to the immigration of its cells to form 
the entoderm and mesoderm. Next, the anterior region of the ventral 
plate expands perceptibly. This is coincident with the lateral expan- 
sion of the mesoderm. Evidencing this is the fact that the germ band 
becomes distinctly more opaque than the lateral regions of the blasto- 
derm which are destined to form the embryonic envelopes. The 
lateral expansion of the anterior part of the germ band serves to 
differentiate the embryonic rudiment into two general regions (pi. 7, 
figs. 55, 57). The expansions of the anterior shorter one are the 
procephalic lobes (pi. 9, fig. 68). The longer narrower portion is the 
protocormic region. When the procephalic lobes first make their 
appearance, they are situated somewhat ventrad to the anterior pole 
of the egg. With the lengthening of the germ band, however, they 
come to lie dorsad to this pole, in which position they are to be found 
at the middle of the third day of development. At this time the caudal 
portion of the embryo has completely withdrawn from the yolk and 
the two ends of the germ band almost touch. 

In some insects there is a pronounced difference in time between the 
appearance of the anterior and the posterior segments of the germ 
band. Those of ‘the cephalic region have been reported to appear 
earlier in the majority of forms. Schnetter (1934) for Apis and 
Butt (1936) for Brachyrhinus have found that segmentation is 
initiated, not at the extreme anterior end, but in the future thoracic 
region from which point it extends both anteriorly and posteriorly. 
In flea embryos the difference in the time of appearance of the seg- 
ments in the various portions of the germ band is negligible, but the 
anterior-posterior sequence is followed in this discussion for the sake 
of convenience. The procephalic lobes become divided into three 
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segmental regions. The most anterior of these soon develops a bilobed 
prominence which is the anlage of the labrum (pi. 3, fig. 34; pi. 10, 
fig. 75 ; pi. ii, fig. 82) . It is known as the labral, ocular, or preantennal 
segment. The second segment gives rise to the prominent paired 
antennae and is therefore termed the antennal segment. The third 
procephalic segment, which really arises in the region of transition 
between the procephalic and protocormic regions, is much less promi- 
nent. It does, however, produce a pair of small evanescent rounded 
protuberances which may be regarded as homologs of the second 
antennae of crustaceans. The protocormic region gives rise to 17 
segments plus an additional incomplete one which is to be regarded 
as the telson. The first three of these are called the gnathal segments 
as they produce appendages which are differentiated into the larval 
mouthparts (pi. 10, fig. 74). The most anterior is the mandibular 
segment and, as its name indicates, its paired appendages form the 
mandibles. Similarly the second or maxillary segment gives rise to 
the maxillae, and the third or labial segment produces the labium. 
This organ arises as a pair of appendages (the second maxillae) 
whose bases soon fuse to form the bilobed labium of the larva. 

The three procephalic and the three protocormic segments described 
above soon lose their lines of demarcation and become closely fused 
to form the syncephalon of the developing larva. By contrast, all the 
remaining protocromic segments, except the most caudal one, retain 
their external identity even to the end of the larval period. The 
three segments immediately posterior to the gnathal ones become 
the prothoracic, the mesothoracic, and the metathoracic segments 
respectively. 

The 11 segments of the protocormic region situated caudad to the 
thoracic region constitute the abdomen. The eleventh, which is con- 
siderably smaller than the rest, does not remain visible from the 
outside for long as it is soon carried inward by the invagination of 
the proctodaeum and becomes telescoped within the tenth segment. 

The general changes in body shape may be outlined at this point. 
After 3 days of development, the germ band is so curved dorsally that 
the anterior and posterior ends nearly touch (pi. 10, figs. 73, 74, 75). 
During the fourth day the embryo shortens so that it reaches only to 
the poles of the egg. The two extremities of the embryo are still 
turned dorsally, however, and they remain so flexed until early in the 
fifth day, when the embryo straightens out and then curves ventrally 
(pi. 12, fig. 87). Coinciding with this ventral flexure, there is gradu- 
ally an elongation of the embryo until it is so long that the curvatures 
of the ends are insufficient to allow its accommodation within the egg. 



no. 3 


EMBRYOLOGY OF FLEAS KESSEL 


45 


The anterior and posterior extremities, therefore, become so flexed 
that a cross-section of the egg may cut four complete sections through 
the embr}’0. The embryo retains its curled position until the time of 
hatching, after the sixth day of development. 

DIGESTIVE TRACT 

The fore-intestine, comprising the oesophagus and proventriculus 
in the late embryo, has its origin, in fleas as in other insects, in an 
ectodermal invagination known as the stomodaeum. This invagination 
arises directly over the position of the anterior mesenteron rudiment, 
becoming evident soon after the ectoderm has closed over the sunken 
entoderm. The stomodaeum deepens very gradually, keeping pace 
with the shrinkage of the yolk. As it deepens it pushes the entoderm 
of the anterior mesenteron rudiment before it. It ultimately extends 
posteriorly about one fourth of the length of the egg (pi. 3, fig. 34; 
pi. 10, fig. 75 J pl- 11, fig. 82). 

The hind-intestine arises in a somewhat similar manner although 
there are several differences to be noted. Like the fore-intestine, it 
is derived from an ectodermal invagination which in this instance is 
termed the proctodaeum (pi. 3, figs. 35, 36; pi. 10, fig. 75L It may 
be said that the relationship between the proctodaeum and posterior 
mesenteron rudiment is fundamentally the same as that which exists 
between the stomodaeum and anterior entodermal rudiment. In the 
case of the proctodaeum and posterior mesenteron rudiment, however, 
the relationship is made more obscure in the earlier stages of develop- 
ment by the involution of the posterior region of the germ band. The 
point at which the embryonic band sinks inward during this process 
is almost immediately over the position of the posterior mesenteron 
rudiment and therefore somewhat anterior to the posterior extremity 
of the germ band. This is also the point at which the proctodaeum 
pushed inward so that the first part of the resulting invagination to 
form appears to belong to both the proctodaeum and the amniotic 
cavity and has consequently been termed the amnio-proctodaeai cavity. 
However, since this first portion of the cavity of the invagination is 
bounded on both sides by the embryonic rudiment, it is definitely the 
lumen of the proctodaeum. Only later, as the involution of the 
posterior part of the germ band becomes more pronounced, is a 
portion of the extra-embryonic blastoderm drawn into the vitellus to 
form the internal (with reference to the yolk) section of the amnion 
(pi. 7, figs. 56, 59). That part of the cavity which is bounded on one 
side by the amnion is the only portion of the entire invagination which 
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belongs to the amniotic cavity alone. Its wide continuity with the 
lumen of the proctodacum is responsible for the confusion of embry- 
ologists on this point. None of the five workers who have published 
on the embryology of fleas considers this relationship, but there is 
considerable difference of opinion among the authors who have written 
on the development of other insects possessing a partially involuted 
germ band. Weismann (1863) and Ritter (1890) both confuse the 
line of demarcation between the amniotic cavity proper and the 
proctodaeum. Other investigators working on the muscids, including 
Graber (1888b), Biitschli (1888), Voeltskow (1889), and Noack 
( 1901 ) , have made the same mistake. This error has been in the 
proper interpretation of that portion of the germ band which lies 
opposite the main part of the embryonic rudiment and which is con- 
tinuous with the amniotic membrane. The above authors agree in 
regarding this short strip as a part of the amnion, and consequently 
suppose that the amnion forms one of the walls of the proctodaeum. 
Their identification of the early stage of the proctodaeum is, never- 
theless, correct. Other workers, however, among whom are Hasper 
(1911) for Chironomus , Gambrell (1933) for Sumilium , and Butt 
(1934) for Sciara, have not found the protodaeum in this early stage. 
For this reason, they all state that the stomodaeum is discernible much 
earlier than the proctodaeum. 

In the development of flea embryos, the early stages of the procto- 
daeum are less obscure, owing to the fact that observation is not 
further complicated by the tendency of the posterior portion of the 
germ band to roll into a spiral as it is in the dipterans mentioned above. 
In fleas, therefore, it is possible to follow the development of the 
proctodaeum from the time of its first appearance. This appearance is 
simultaneous with that of the stomodaeum and with the involution 
of the posterior part of the embryo. With the withdrawal of the 
posterior end of the germ band from the yolk to the dorsal surface 
of the egg, the proctodaeum already shows a tendency to become 
directed anteriorly, for at this stage it is perpendicular to the adjacent 
part of the embryonic rudiment (pi. 10, fig. 75). In respect to the 
embryo it is now pointing dorsally instead of posteriorly as before. 
The majority of the posterior mesenteron rudiment cells lie anterior 
to it (toward the posterior pole of the egg) at this stage. 

The hind-intestine of the late embryo is not a straight tube. It 
extends anteriorly from the anus to about the anterior margin of the 
sixth segment and then curves ventrally upon itself and passes pos- 
teriorly to the region of the eighth segment. Here it again turns 
sharply ventrally and anteriorly to unite with the mesenteron. The 
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elongated nature of the hind-intestine becomes evident rather early 
in development. As a consequence of this elongation, the procto- 
daeum, unlike the stomodaeum, soon becomes coiled and at some 
stages is curved somewhat laterally to the midline. This is evidenced 
by the fact that certain sagittal sections, as well as transverse ones, 
cut the proctodaeum at more than one place (pi. n, figs. 8o, 84). 
Strindberg (1917) pointed out this elongated nature of the procto- 
daeum in his brief paper on Archaeo psylla . He also notes that the 
hind-intestine is considerably thickened near the anal opening, and 
that it is one of the most conspicuous of the embryonic organs. 

Associated with the hind-intestine are the malpighian tubules. There 
are four of these formed in the flea embryo. As in other insects, they 
arise as diverticula of the proctodaeum proximal to its blind end. 
Their first evidences make their appearance rather early, in fact 
while the proctodaeum still lies perpendicular to the germ band. By 
the time the proctodaeum becomes directed anteriorly they may be 
easily seen (pi. 9, fig. 71). They grow very rapidly and soon show 
as thick-walled tubes in cross-section (pi. 3, fig. 32; pi. 11, fig. 84), 
lying laterad to the developing hind-intestine. Their blind ends remain 
free in the haemocoel. 

The mesenteron derives its inner lining from the two entodermal 
rudiments whose differentiations have been described in a previous 
section. As in the majority of insects whose embryology has been 
studied, this epithelium is entirely bipolar in origin, in contrast to the 
condition described by Strindberg (1913) for Isoptera, in which he 
says the mesenteron rudiment is single and proliferated from the entire 
length of the genu band. This same author ( 1917). however, derives 
the entoderm of fleas solely from an anterior and a posterior mesen- 
teron rudiment. His error in deriving these rudiments from the 
lower layer has already been pointed out. 

With the shrinkage of the yolk and the invagination of the stomo- 
daeum and proctodaeum, the two entodermal rudiments are carried 
into the interior of the embryo. At first they lie as small clumps of 
cells against the blind ends of the ectodermal invaginations which 
have pushed them inward. Because of this apposed relationship to the 
ectoderm, many workers have come to the mistaken conclusion that 
the inner lining of the midintestine is ectodermal in its derivation. 

The mesenteron rudiments, as already stated, lie slightly ventrad 
to the blind ends of the stomodaeum and proctodaeum. From each 
rudiment there is proliferated a pair of laterally placed tonguelike 
processes, those of the anterior rudiment directed posteriorly (pi. 11, 
figs. 81, 83), and those of the posterior one directed anteriorly. These 
4 
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are the mesenteron ribbons. The ribbons o f each side gradually 
approach one another and fuse, forming a complete band of entoderm 
connecting the stomodaeum and proctodaeum (pi. n, fig. 80). The 
two bands formed in this manner then widen gradually both dorsally 
and ventrally. Their ventral growth is much more rapid than their 
dorsal expansion, and as their initial position is somewhat ventral, 
they meet and fuse ventrally first so that the closure of the ventral 
wall of the midintestine occurs considerably earlier than its dorsal 
closure. The dorsal closure is delayed until the third dorsal organ, 
composed of the massed cells of the ruptured amnion, has sunk into 
the vitellus (pi. 2, fig. 24; pi. n, fig. 79). Then the dorsal margins 
of the widened mesenteron ribbons fuse along the dorsal midline and 
the epithelial lining of the midintestine is completed. 

The method of the enclosure of the vitellus by the cells of the 
entoderm as here described for flea embryos corresponds essentially 
to that which has been described for all other insects thus far studied, 
possessing bipolar entodermal rudiments, except Apis. In the honey- 
bee, by contrast, and according to the observations of both Grassi 
(1884) and Nelson (1915), the two mesenteron rudiments each form 
a median dorsal ribbon instead of a pair of ventrolateral ones. This 
results in the dorsal surface of the yolk being covered first. 

The final steps in the embryological development of the intestinal 
tract of fleas are the breaking through of the blind ends of the 
stomodaeum and proctodaeum to make the lumen of the digestive 
tube continuous from the mouth to the anus, and the investiture of 
the entire tract with its muscular layer. 

NERVOUS SYSTEM 

\ ery soon after the separation of the lower layer cells from the 
ectoderm, the neural groove appears along the entire midventral line 
of the embryo (pi. 9, figs. 69, 70). This is the first step in the devel- 
opment of the nervous system, all of which is produced by the ecto- 
derm. The neural groove makes its appearance even before the first 
manifestations of the cephalic appendages. Instead of originating by 
invagination, the neural groove appears to be produced by two longi- 
tudinal thickenings of the ectoderm, one on each side of the midline 
of the germ band (pi. 10, fig. 78), the median unthickened portion 
becoming the groove. The two ridges continue the full length of 
the germ band, one passing laterally on each side of the depression 
which marks the position of the stomodaeal invagination. They are 
continued, therefore, on the cephalic segments and unite in the head 
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region. The appearance of the neural ridges is due to the active pro- 
liferation of specialized ectodermal cells below the surface layer. 
These primary nerve cells are called neuroblasts (pi. 9, fig. 72). The 
neuroblastic thickenings along the lengths of the neural ridges consti- 
tute the so-called lateral cords. Neuroblasts are also proliferated 
from the floor of the neural groove, and these form the less prominent 
middle cord. 

With the segmentation of the germ band, all of its layers are 
affected except the entoderm. By this process the lateral nerve cords 
are metamerically constricted into segmental divisions. The superficial 
layer of ectoderm over the neuroblasts gives rise to the epidermis ; 
therefore its cells are called the dermatoblasts (pi. 9, fig. 72). The 
neuroblasts 011 the other hand proliferate the definitive nerve cells. 
Those of the lateral cords are particularly active in the intrasegmental 
regions where they give rise to the masses of nerve cells constituting 
the ganglia. Because of the fact that the lateral cords are paired, two 
ganglia are produced in each segment. The ganglia of successive 
somites are joined by the less thickened interganglionic portions of the 
lateral cords, the connectives. Figure 27 (pi. 3) shows the fused 
paired ganglia and their connectives in horizontal section, and like- 
wise indicates that the two ganglia of such a fused pair are trans- 
versely connected by two commissural neuropile tracts. These com- 
missures appear to be formed from ganglion cells proliferated by 
the neuroblasts of the middle cord. The paired nature of the com- 
missures of a fused ganglionic pair is shown clearly by the two neuro- 
pile tracts in each such definitive ganglion (pi. 12, fig. 85). From its 
first appearance, this middle cord is segmented into chainlike thick- 
enings of neuroblasts which correspond in position to the future 
ganglionic areas. They are strictly intrasegmental, therefore, so that 
there are no median intersegmental connections produced between 
the connectives, such as Wray ( 1937) describes for Calcndra. In this 
respect the development of flea embryos corresponds to Schaefer’s 
(1938) observation on Phormia. The neuropile of fleas, or the central 
mass of fibrous tissue which is evident in the nerve tracts, appears to 
be composed of the attenuated ends of the ganglionic cells closely 
packed together. 

Later in embryological development, as described above, the two 
ganglia of each segment become approximated to fuse closely at the 
midline with the commissures and thus form a composite definitive 
ganglion. The connectives retain their individuality, however, thus 
preserving intersegmental evidence of the bilateral origin of the 
ventral nerve cord. 
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The above account agrees quite closely with the observations of 
Hatschek (1877) who pioneered in the embryological study of the 
nervous system of insects, and also corresponds to the writings of 
most insect embryologists. No observations were made in the present 
study on the origin of the delicate ganglionic covering, the neurilemma. 
Wheeler (1893) for Xiphidium and Eastliam (1930) for Pieris are 
of the opinion that it is produced by cells of the middle cord. 

The ganglionic swellings remain evident on the surface until about 
the end of the fourth day of development. Their disappearance is 
gradual and is due to the sinking of the ganglia to a lower level (pi. 3, 
fig. 26; pi. 12, fig. 87). This sinking also serves to obliterate the 
neural groove. 

The central nervous system of a flea embryo consists of 19 pairs 
of ganglia. Figure 87 (pi. 12) shows the complete nerve chain, the 
thoracic and abdominal ganglia having retained their identity, while 
the cephalic ones are coalesced as described below. The first two of 
these go to form the greater part of the definitive brain or supra- 
oesophageal ganglion. The anterior pair, which at first forms the 
independent protocerebral lobes, soon unites to form the bilobed 
protocerebrum of the ocular segment. An apparently single com- 
missural mass connects the two halves of this neuromere. The com- 
ponent parts of the second pair of cephalic ganglia likewise fuse to 
form a bilobed neuromere which in this case is known as the deuto- 
cerebrum. It has as its function the innervation of the antennae. It 
also has a single commissure. These first two pairs of ganglia are 
the only ones of the entire nerve chain which have their origins 
anterior to the position of the stomodaeal invagination. Although 
the lateral cords continue anteriorly to this region, the proliferation 
of the ganglion cells of the protocerebrum and deutocerebrum is diffi- 
cult to follow. In this area the proliferation is very irregular. The 
origin of the commissures of these neuromeres was not determined 
definitely, but no indication of a middle cord was evident anterior to 
the stomodaeum. This last observation is in agreement with the 
account of Schaefer (1938) for Phonnia. It seems, therefore, that 
the connecting cell masses do not have an independent origin in these 
cases but are produced merely by the approximation and fusion of 
their respective pairs of ganglia. 

The brain of the flea embryo, like those of other insects, includes a 
third pair of ganglia, which has a different origin from those of the 
first two segments. This pair is derived from the lateral cords just 
posterior to the stomodaeal invagination. Because of this origin, there- 
fore, the elements of this pair are to be regarded as ventral ganglia 
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which secondarily move anteriorly and dorsally to unite with the 
deutocerebrum and protocerebrum in the formation of the supra- 
oesophageal ganglion or definitive brain which lies dorsad to the 
oesophagus (pi. 12, figs. 87, 88). This ventral origin is evidenced by 
the fact that the transverse commissures ( fused so as to appear one) 
pass below the oesophagus (pi. 12, fig. 86). Ventrally, they unite 
with the connectives of the most anterior of the trunk ganglia and in 
this way help to form the so-called circumoesophageal connectives. 
This third pair of cephalic ganglia appears as paired swellings lying 
immediately posterior to and below the deutocerebral lobes. These 
swellings are the tritocerebral lobes and the segment in which they lie 
is known accordingly as the tritocerebral segment. 

The fourth, fifth, and sixth pairs of ganglia belong to the gnatho- 
cephalon which includes the mandibular, the maxillary, and the labial 
segments (pi. 3, fig. 33), They are all typical ventral chain ganglia 
in their origin, each pair being united by two prominent commissures 
in the early stages. Although arising separately, these three pairs of 
ganglia ultimately fuse to form the single suboesophageal ganglion 
of the late embryo and larva (pi. 3, fig. 26 ; pi. 12, figs. 86, 87, 88) . 

The seventh, eighth, and ninth pairs of ganglia are developed in 
the three thoracic segments. Unlike the coalesced neuromeres of the 
gnathocephalon, these preserve their identity and are distinct in the 
larva (pi. 12, fig. 87). 

The 10 posterior pairs of ganglia belong to the abdominal region, 
one pair originating in each segment thereof except the most caudal 
one. During development there is a shortening of the ventral cord 
and a resultant anterior movement of these ganglia so that they do 
not all remain in the segments of their origin. The definitive number 
of abdominal ganglia present in the late embryo is eight. The first of 
these remains in the first segment, but moves to its anterior region. 
The second finally extends somewhat over into the first segment. The 
third ganglion has its final position partly in the second somite and 
partly in the third. The fourth ganglion takes up a similar position 
between the third and fourth segments. The fifth ganglion entirely 
leaves the segment of its origin and in the late embryo lies in the 
posterior region of the fourth segment, In a similar manner the 
sixth ganglion of the abdomen migrates into the posterior part of the 
fifth segment. The seventh ganglion is even less conservative, as it 
moves into the middle portion of the sixth segment. The eighth defini- 
tive ganglion of the abdomen is somewhat longer than the others of 
this region and is really a composite structure formed by the coa- 
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lescence of the last three ganglionic pairs, viz, those originating in 
the eighth, ninth, and tenth segments respectively. This eighth defini- 
tive ganglion of the late embryo lies in the anterior part of the seventh 
somite. 

COELOMIC SACS 

The segmental arrangement of the coelomic sacs characteristic of 
annelids and arthropods is manifested in the development of flea 
embryos (pi 10, fig. 77). The lateral migration of the immigrated 
cells of the lower layer will be recalled from the account given in a 
previous section. By this migration a complete layer of mesoderm 
is formed below the ectoderm. This extends the full width of the 
germ band. Soon the extreme lateral margins of this lower layer 
become thickened to form the mesodermal bands. The mesoderm, 
like the superficial layer, is divided into metameres by the segmenta- 
tion process. In most of the mesodermal somites formed by this 
process, there is developed a pair of coelomic sacs (pi. 2, fig. 21 ; 
pi. 10, fig. 76). These arise as small cavities within the intrasegmental 
regions of the mesodermal bands. In flea embryos the lumina of these 
cavities are bounded by thick walls and are similar to those described 
by Heider (1889) for Hydrophihis . There is no communication 
between the sacs of adjacent segments to form mesodermal tubes 
such as Nelson (1915) found in the embryos of Apis. In regard to 
the nature of these rudimentary coelomic primordia in fleas it may 
be stated that it is intermediate between the condition manifested in 
Apis and that which occurs in many Diptera. In the embryonic 
development of the Muscidae there is no indication of coelomic sacs 
according to Graber (1889). Similarly, Gambrell (1933) and Butt 
( 1934) found no coelomic cavities in the embryos of SimuHum and 
Sciara respectively. Moreover, owing to the small size and the thick 
walls of the coelomic sacs occurring in fleas, these structures in the 
embryos of the Siphonaptera are very different from their homologs 
in such primitive insects as Lepisma and the Orthoptera. In all of 
these forms, Heymons (1895, 1897) discovered that the primitive 
mesodermal cavities are very extensive and possess thin walls, ap- 
proximating the type found in such lower arthropods as Peripatus. 
As in Peripatus , they extend into the appendage rudiments and ulti- 
mately the appendicular portion of each sac is constricted off, leaving 
the larger dorsal part to partake in the formation of the definitive 
body cavity. 

Heider (1889) is of the opinion that in Hydrophihis the coelomic 
sacs represent the divided original lumen of the tube formed during 
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the differentiation of the lower layer. Carrier e (1890) believes these 
cavities of the mesodermal somites originate in the same manner in 
the development of Chalicodoma . According to the supposition of 
these authors, the lumen of the original tube is incompletely and 
temporarily closed by a dorsoventral compression. This closure flat- 
tens the mesoderm into two distinct layers which are said to separate 
at a later time in the regions of their lateral margins to form the 
coelomic sacs. This explanation is in harmony with their designation 
of the mesodermal tube as an elongated gastrocoel. Apparently, it 
was an attempt to parallel the derivation of the coelomic pouches from 
the archenteron, such as occurs in certain other animals, and to har- 
monize the situation with the view of Hertwig and Hertwig (1881) 
which prompted their hypothesis. Graber (1890) was not able to 
substantiate Heider’s statements as to the case of Hydrophihts, and 
the work of Carriere has not been confirmed. In the case of flea 
embryos there is no possibility of such an origin for the coelomic 
sacs even in the posterior region of the embryonic rudiment where 
a distinct mesodermal tube is formed, for the lower layer, when it 
reaches the lateral margins of the germ band, is only one cell thick. 
It is not until later that the paired mesodermal bands are produced, 
and their appearance is due to cellular proliferation of the originally 
single-layered mesoderm. In the Siphonaptera, therefore, the coelomic 
sacs arise as independent clefts in the thickened and solid lateral 
regions of the lower layer. 

The number of the pairs of coelomic sacs occurring in the embryos 
of fleas appears to be 16. The most anterior of these lies in the deuto- 
cerebral segment. No indication of their presence was observed in 
either the preantennal or the intercalary segment. It appears that 
such cavities have been detected in the preantennal segment of only 
one insect form, viz, Carausius morosus (Wiesmann, 1926), and even 
in this generalized species they are rudimentary. As for paired meso- 
dermal cavities occurring in the intercalary segment, they have been 
described in a few of the lower insects among which is Carausius 
morosus according to the work of Wiesmann cited above. 

The 15 remaining pairs of coelomic sacs which occur in flea em- 
bryos are located in the first 15 segments posterior to the stomodaeal 
invagination. Three belong to the gnathocephalon, three to the thoracic 
region, and the remaining nine pairs are found in the first nine 
abdominal somites. The lumina of the most posterior pair are very 
small and rudimentary. The last two segments of the abdomen 
appear never to produce even such rudimentary cavities. 
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THE BODY CAVITY 

The definitive body cavity of fleas, as in other insects, is chiefly a 
secondary one in that it is derived for the most part from the epineural 
sinus, rather than from the lumina of the coelomic sacs. The epineural 
sinus, in turn, has its origin as a space resulting from the reduction in 
size of the deutoplasmic mass as the development of the embryo 
proceeds (pi. 2, fig. 21). As the vitelline mass shrinks, it withdraws 
from the germ band, first along the midventral region, so that the 
resulting cavity lies immediately above the nerve cord. In its origin, 
therefore, the cavity is specifically epineural. Later the epineural sinus 
is extended laterally and dorsally on both sides until finally, with the 
dorsal closure of the embryo, it entirely surrounds the mesenteron 
which has formed in the meantime about the remaining yolk. The 
cavities of the relatively small coelomic sacs are added to the epineural 
sinus. The splanchnic walls of these sacs break through (pi. 10, 
fig. 78 ), bringing their respective lumina into communication with 
the extensive epineural sinus, thereby establishing the definitive body 
cavity (pi. 2, fig. 24; pi. n, fig. 79). 

MUSCLES 

Even in the newly hatched larva the muscles are not sufficiently 
differentiated to facilitate identification. Therefore, no attempt was 
made to study their individual embryological origins. It may be said, 
however, that they have two general sources. The muscles of the 
body wall and those which are associated with the mouthparts and 
antennae are derived from the outer or somatic mesoderm. Some of 
the body wall muscles are longitudinal in arrangement, whereas others 
are oblique. In contrast to these somatic muscles, the muscles of the 
digestive tract are derived from the splanchnic mesoderm (pi. 11, 
fig. 80) . These are either longitudinal or circular, and their arrange- 
ment appears to vary with the particular enteric region in question, 
as is known to be the case in adult insects. 

FAT CELLS 

The fat cells of the flea embryo are not closely grouped to form 
compact masses such as form the fat bodies of the older larvae. 
Instead, they appear singly or as small irregular clumps of cells scat- 
tered throughout the definitive body cavity. Some of them lie dorsal 
to the dorsal diaphragm within the pericardial sinus and for this 
reason may be called pericardial fat cells. Others which lie ventral 
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to this diaphragm and within the perivisceral sinus, are the perivisceral 
fat cells. No fat cells were observed in the perineural sinus. 

The embryonic fat cells of fleas are very similar to the adipose cells 
of the higher animals. They appear to become distended with oil at 
a very early age. As in the adipose cells of mammals, the nucleus is 
displaced to the surface where it appears like the set in a ring. This 
condition differs from the observations of Nelson (1915) on the newly 
hatched larva of the honeybee in which form the fat cells only occa- 
sionally were found to possess a minute fat globule. 

The embryonic origin of the irregularly placed fat cells in the flea 
embryo is difficult to follow in detail. They are definitely mesodermal 
derivitives, however. From their positions, it appears that the peri- 
cardial fat cells come from the somatic layer, whereas the peri- 
visceral ones are derived from the splanchnic mesoderm adjacent to 
the developing enteric muscles. 

CIRCULATORY SYSTEM 

The circulatory system of the flea larva is composed of the dorsal 
blood vessel (heart) and the various sinuses of the haemocoel. The 
dorsal blood vessel is one of the last structures to be formed. It is 
derived, as in other insect embryos, from cells which are known as 
cardioblasts. At the time of their first appearance, they constitute a 
pair of narrow longitudinal bands, one band located dorsolaterallv on 
each side of the body along the line of junction between the somatic 
and splanchnic portions of the mesoderm. With the dorsal growth 
of the mesoderm and the corresponding extension of the body cavity 
as the vitelline mass shrinks away from the upper surface of the 
egg, the cardioblastic bands gradually approach one another and 
ultimately meet along the dorsal midline. The apposition of the 
splanchnic mesoderm to the surface of the already completed mid- 
intestine epithelium is simultaneous with this process. Some time 
before the two heart-forming bands of cells unite, these become 
separated from the enteric muscle-producing portion of the meso- 
derm. The cardioblasts never lose their connection with the somatic 
mesoderm, however. The actual union of the two cardioblastic bands, 
to form the dorsal blood vessel, occurs shortly afterward. This tube 
extends well into the head region. 

The open portion of the circulatory system in the flea larva is 
similar to that of other forms. It consists of the definitive haemocoel 
which is formed from the completed and partially partitioned epi- 
neural sinus plus the coelomic sacs. This partitioning takes place by 
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the formation of two indistinct horizontal septa. The dorsal dia- 
phragm is produced 1 )} t the somatic mesoderm which, as stated above, 
remains attached to the cardiohlastic strands. The ventral diaphragm, 
which is even less distinct than its dorsal counterpart, appears to be 
developed from the ventral somatic mesoderm. 

Like the other structures of the circulatory system, the haematocytes 
of flea embryos appear to be mesodermal m origin. They are all 
nucleated cells. Wigglesworth (1934) is of the opinion that haemato- 
cytes may play a part in the organogenesis of insects by producing 
connective tissue membranes to cover the internal organs. In the case 
of flea development the enclosing membranes, of the gonads at least, 
are not formed in this manner. 

The embryonic blood cells in fleas seem to take their origin by pro- 
liferation from the intermediate mesoderm between the longitudinal 
mesodermal bands. Snodgrass (1935) suggests, however, that because 
of their later phagocytic and digestive activities, it is possible that the 
haematocytes of insects are really derived from the intermediate strand 
of entoderm which is differentiated in some insects such as the 
Isoptera (Strindberg, 1913). If this supposition is correct, they are 
to be regarded as genetically related to the secondary trophonuclei and 
the epithelial cells of the mesenteron. 

GONADS 

The origin of the germ cells and their migration to the epineural 
sinus has been described in a previous section. Having arrived in the 
region of the fifth abdominal segment, the germ cells, now gonia, 
become apposed to the inner surface of the splanchnic mesoderm to 
form two groups of cells, one on each side of the body. With the 
rupture of the coelomic sacs and the inward movement of the splanch- 
nic mesoderm toward the mesenteron the germ cells are carried along 
farther toward the interior. Then again, with the dorsal migration of 
the cardioblasts and until the separation of the splanchnic mesoderm 
from the cardiohlastic bands, the clumps of germ cells are moved 
somewhat dorsally. During these changes in position the sex cells on 
each side become enclosed by a covering of the splanchnic mesodermal 
cells with which they are associated (pi. 12, fig. 89). These covering 
cells gradually become flattened to form the follicular epithelium of 
the gonad. Posteriorly, splanchnic mesodermal cells, similar to those 
which form the epithelial envelope, differentiate into a strand which 
is continuous with the gonad (pi. 12, fig. 90). This tube is the anlage 
of the oviduct or vas deferens depending upon the sex of the larva. 
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There is some variation as to the definitive position of the gonads in 
the flea larva. During development, the body of the sex organ is 
observed to lie in parts of throe different segments. These are the 
fourth, fifth, and sixth abdominal segments. The definitive larval 
gonads lie in one of these somites. Lass (1905) says that the larval 
ovaries are located in the sixth abdominal segment whereas the testes 
are situated further anterior. If his differentiation is correct, it may 
be assumed that the gonad anlagen of the female contract to form 
the larval ovaries which are restricted to the sixth abdominal seg- 
ment. Likewise, the anlagen cf the testes contract to occupy positions 
anterior to their female counterparts. These are in the region of the 
fourth abdominal segment. 

TRACHEAL SYSTEM 

The tracheae of fleas, like those of other insects, arise as paired 
invaginations of the ectoderm. These are segmental in arrangement. 
They first become evident about the time the coelomic sacs make their 
appearance and while the neural groove is still open (pi. 2, fig. 28). 
They are situated near the lateral margins of the germ band. The 
mouths of the invaginations ultimately become the spiracles, while 
the invaginations themselves deepen, branch, and anastomose to form 
the complex respiratory system of the larva. A longitudinal section 
along one of the tracheae is shown in figure 30 (pi. 2). The definitive 
number of spiracles found in the fully developed flea embryo is 10 
pairs. These are located on the prothorax, the metathorax, and the 
first eight abdominal segments. All of them arise in their definitive 
position except the first, which originates on the mesothorax and 
migrates to its larval position during embryonic development. Its 
position near the posterior margin of the prothoracic segment is 
indicative of its mesothoracic origin. Evanescent tracheal invagina- 
tions, such as have been observed in Lcptinotarsa (Wheeler, 1889) 
and Calendra (Wray, 1937), originating in the prothoracic segment, 
were not found in the flea embryo. Likewise, no transitory tracheal 
pits corresponding to those described by Nelson (1915) as occurring 
on the labial segment of the embryo of Apis were discovered in this 
study. Tracheal invaginations of a rudimentary nature, arising on 
abdominal segments posterior to the eighth like those reported in 
Lepisma (Heymons, 1897), Lcptinotarsa (Wheeler, 1889), and Ca- 
lendra (Wray, 1937), also appear to be lacking in the development of 
fleas. 
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OENOCYTES 

These cells, whose function is as yet not definitely known, have 
been observed in a number of insect forms. In flea embryos they are 
enormous in size in comparison to the other cells about them (pi. 2, 
fig. 30). Their nuclei are large, regular, and oval. The origin of the 
oenocytes has been traced in Mclolontha, Lina, and Hydrophilus by 
Graber (1891). He found that in the embryos of these beetles the 
oenocytes arise from paired metastigmatic invaginations of the ecto- 
derm. Wheeler (1892) found similar invaginations in Blatta and 
Xiphidium , but is of the opinion that they are of minor importance 
in the differentiation of these cells. He also studied the origin of the 
oenocytes in a wide variety of embryos including representatives of 
the Hemiptera, the Ephemerida, the Neuroptera, and the Lepidop- 
tera. In these forms, metastigmatic invaginations were not found 
and the oenocytes were observed to arise by simple delamination from 
the lateral ectoderm. During the present study oenocytes were seen 
in several stages of development in the flea embryo. As in Blatta and 
Xiphidium, the oenocytes arise in fleas from the lateral ectoderm of 
the anterior region of the abdomen, and metastigmatic invaginations 
are differentiated. When first proliferated, the oenocytes are similar 
in size and appearance to the other ectodermal cells. They grow 
rapidly, however, and soon become readily distinguishable. They 
were observed only in the abdominal region where they are frequently 
associated with the cells of the fat body within the body cavity. They 
often lie adjacent to tracheal invaginations. 

OTHER ECTODERMAL DERIVATIVES 

In addition to the ectodermal derivatives which have been discussed 
already, the ectoderm gives rise to a number of other structures which 
have not been considered in detail during this study. These include 
the epidermis (hypodermis) , the tentorium and apodemes of the 
endoskeleton, the corpora allata, the labial (salivary) glands, the silk 
glands, and the anlagen of the posterior portions of the genital tract. 
The ectodermal origin of these structures in fleas is in agreement with 
the work done on other insects. 

In regard to the epidermis it may be added that this layer of the 
body wall is derived from what remains of the ectoderm in its super- 
ficial embryonic position after all the invaginations and delaminations 
to form the internal ectodermal organs have occurred. Furthermore, 
in flea development, no extra-embryonic dorsal sheet of ectoderm, 
such as Nelson (1915) describes for Apis, is differentiated. The 
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cuticula makes its appearance during the sixth or final day of develop- 
ment. This forms a sclerotized covering, the exoskeleton of the larva. 
It is secreted by the cells of the epidermis, and, as it is impermeable, 
its presence becomes manifest in attempts to stain late embryos for 
whole mounts. Unhatched larvae, after being kept in alcoholic borax 
carmine for several days, remained absolutely unstained except for a 
light coloration of the ectodermal regions of the digestive tract. This 
coloration was apparently due to seepage of the stain through the 
mouth and anal openings. 

The setae also appear during the final day of embryonic develop- 
ment. As in other insects, they are produced as elongated hardened 
processes of certain of the epidermal cells. 

The hatching spine of the flea embryo likewise makes its appearance 
during the final day of development. It, too, is a secondary epidermal 
structure and occurs as a sharp ridge located on the middorsal line of 
the head (pi. 3, %• 3 1 )* 


HATCHING 

Unlike certain other insects such as Leptinotarsci (Wheeler, 1889), 
Lhw. (Graber, 1877), the Neuroptera (Smith, 1922), and Tencbrio 
(Sikes and Wigglesworth, 1931), the flea larva is not invested in a 
cuticular envelope at the time of hatching. 

The normal hatching process of fleas has been described by Sikes 
and Wigglesworth (1931) and agrees in most points with the observa- 
tions made during this study. Late in the last or sixth day of its life 
within the egg shell, the now fully differentiated larva expands to 
fill completely the lumen of the egg. This increase in size is due to 
a distention of the larva brought about by its swallowing the amniotic 
fluid. Since the withdrawal of the serosa and amnion into the vitellus 
prior to the dorsal closure, the amniotic fluid has filled the space 
between the vitelline membrane and the embryo. The ingestion of this 
fluid may be observed clearly through the relatively transparent 
chorion of Ctenocephalidcs felis . When the larva swallows the amni- 
otic fluid its spiracles become exposed to the air, and following this 
exposure the liquid contents of the tracheal system is absorbed and 
air takes its place. After a time the larva begins to move about within 
the egg, and it is at this point that the hatching spine which has been 
described above comes into use. The spine acts as a can-opener and 
in due time normally pierces both the vitelline and chorionic mem- 
branes. As it moves about inside the shell, the larva ordinarily travels 
in a longitudinal direction. Almost always, therefore, the slit made 
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by the hatching spine is longitudinal. If the larva happens to cut such 
a slit along one entire side of the egg between the curvatures of the 
poles, it is able to crawl out. If, however, the hatching spine slips out 
of the cut and the slit in the chorion is too small to allow an escape, 
muscular contractions of the larva's body may be used to tear the 
shell open far enough to allow an escape. The hatching spine of fleas 
is definitely a part of the first instar larval cuticula and is retained, 
consequently, until the first ecdysis. 

SUMMARY 

Ctenocephalidcs fclis (Bouche), Nosopsyllus fasciatus (Bose.), 
and Hystrichopsylla dippiei Roths, are the species studied. Except 
for variations in the external characteristics of the eggs, no specific 
differences were observed. 

Satisfactory sections of the eggs at all stages of development were 
obtained by the use of a double imbedding combination technique 
involving modifications of Boycott’s clove oil celloidin and Wall’s hot 
celloidin methods. Tertiary butyl alcohol was used for all dehydration 
series. 

The eggs are centrolecithal. The periplasm of the egg is reached by 
spermatozoa by means of micropylar openings which are arranged 
in circular areas, one at each pole. 

Maturation of the female pronucleus occurs in the anterior peri- 
plasm. Syngamy occurs in the central region of the egg, as a rule 
somewhat toward the anterior pole. The periplasm is very thin except 
at the posterior pole where it is widened to form the posterior polar- 
plasmic cap. An inner protoplasmic reticulum is continuous with the 
periplasmic layer and ramifies throughout the vitellus. 

Cleavage is meroblastic peripheral. The periplasm is first supplied 
with nuclei following the seventh cleavage division. The nuclei usually 
reach the periplasm at all points simultaneously. Four blastema sub- 
stages are recognized. Blastulation consists of the delimitation of 
the nucleated periplasm of the last blastema substage into cell terri- 
tories. Three blastula substages are evident. The second blastula 
substage is produced by a concentration of cells toward the ventral 
surface. The third blastula substage follows the eleventh mitotic divi- 
sion which involves only the cells of the thickened blastoderm, thus 
producing the anlage of the ventral plate. Cell accumulations produced 
by emigration from the blastoderm appear near the anterior and 
posterior extremities of the ventral plate. These are the mesenteron 
rudiments. 
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The trophonuclei have two origins. The primary trophonuclei are 
formed from cleavage nuclei which remain within the vitellus when 
the first blastema stage is produced. The secondary trophonuclei are 
derived from cells which return into the vitellus from the blastoderm 
or mesoderm of the germ band. Secondary yolk cleavage does not 
occur. 

Posterior polar granules are not evident. The germ cells are poly- 
nuclear in origin. Their number varies from 5 to 12 in different eggs. 
The first protoplasmic pockets appear at the posterior pole during the 
first blastema substage. The germ cells produced thereby complete 
their constriction during the second blastema substage. More lateral 
ones may be somewhat delayed. The germ cells reenter the egg before 
blastulation. 

The mesoderm originates by three methods. In the anterior third 
of the germ band this is by simple emigration of cells from the blasto- 
derm. In the middle region a shallow median longitudinal groove 
assists in the process. Along the sharp bend of the germ band, where 
the embryonic rudiment is involuted into the vitellus, the groove is 
transformed into an invaginated mesodermal tube. In the short region 
between the section of tube formation and the posterior mesenteron 
rudiment, a simple groove is again produced. Along the short length 
of the germ band which is carried around the terminus of the in- 
vaginating proctodaeum, the mesoderm is again formed by simple 
emigration. 

The germ band is partially superficial and partially involuted at 
the time of mesodermal differentiation. The amnion and serosa are 
formed by the overgrowth and fusion of the amnio-serosal folds, aided 
in the posterior region by the involution process. Both embryonic 
membranes disappear before eclosion, the serosa first and the amnion 
later, each rupturing and forming a dorsal organ. The dorsal organs 
are absorbed by the vitellus. 

The growth and movements of the germ band or embryo are as 
follows. The formation of the ventral plate occurs on the first day of 
development. Involution of the posterior portion of the embryonic 
rudiment takes place on the second day. Withdrawal of the involuted 
section of the germ band follows during the first part of the third 
day. The anterior and posterior extremities lie close together on the 
dorsal surface at this stage. O11 the fourth day the embryo shortens 
toward the poles of the egg. On the fifth day it flexes ventrally and 
begins to lengthen. This elongation is continued during the sixth or 
final day of development so that the extremities coil upon themselves, 
one on either side of the middle portion of the body. 
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Segmentation becomes externally evident during the latter part of 
the third day of development. The early distinguishable procephalic 
lobes form three segments: the labral, the antennal, and the inter- 
calary. The protocormic region gives rise to 17 segments. The first 
three are the gnathal segments and the next three are those belonging 
to the thorax. The remaining 1 1 form the abdomen. 

The digestive tract arises partly from anterior and posterior invagi- 
nations of the ectoderm. These are the stomodaeum and proctodaeum 
respectively. The}' grow toward each other pushing the mesenteron 
rudiments before them. The proctodaeum arises in conjunction with 
the amniotic cavity. The stomodaeal invagination produces the fore- 
intestine and the proctodaeal invagination gives rise to the hind- 
intestine. The anterior and posterior mesenteron rudiments each 
proliferate to form two lateroventral ribbons. The mesenteron ribbons 
of each end grow toward and ultimately fuse with those of the opposite 
end. They also widen until they completely enclose the remaining 
yolk mass, thus forming the epithelium of the midintestine. The 
ventral completion of this lining is accomplished first, dorsal closure 
being delayed until after the absorption of both dorsal organs. The 
four malpighian tubules develop as diverticula of the proctodaeum. 
They are evident by the end of the third day of development. 

The central nervous system arises from two lateral cords, one 
below each neural ridge, and from a middle cord which is located 
below the neural groove. Two pairs of ganglia, the protocerebral and 
deutocerebral, form anterior to the stomodaeum. A third pair, the 
tritocerebral, originating posterior to this invagination, moves forward 
and fuses with the first two pairs to form the definitive brain or supra- 
oesophageal ganglion. The three pairs of ganglia which originate in 
the gnathal segments coalesce to produce the suboesophageal ganglion. 
The three thoracic ganglia remain distinct. Of the 10 abdominal 
ganglia, the last 3 fuse to form one definitive ganglion. The nerve 
cord shortens in the late embryo so that not all of the abdominal 
ganglia lie in the segments of their origin. 

Sixteen pairs of coelomic sacs are formed. They arise in the intra- 
segmental portions of the mesodermal bands, one pair in the deuto- 
cerebral segment and in each of the first 15 segments posterior to the 
stomodaeal invagination. These sacs are thick-walled and possess 
small lumina. They soon break open and join their cavities to the 
epineural sinus to form the definitive body cavity or haemocoel. 

The gonads are prominent embryonic organs. They are produced by 
the formation of a splanchnic mesodermal sheath about the gonial 
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cells which have separated into two groups and migrated laterally and 
anteriorly during the development of the embryo. The gonads lie in 
abdominal segments four to six. A mesodermal strand, the genital 
duct anlage, passes posteriorly from the body of the gonad. 

Other mesodermal derivatives are the muscles, fat cells, haemato- 
cytes, and the limiting walls of the circulatory system. From the 
ectoderm are derived such additional structures as the tracheae and 
tracheoles, the oenocytes, the endoskeleton, the labial and silk glands, 
the corpora allata, parts of the genital tract, and the epidermis together 
with its secondary structures such as the cuticle, the setae, and the 
hatching spine. 

Hatching occurs after 6 days of development under the temperature 
and relative humidity standards followed in this study. After swal- 
lowing the amniotic fluid, the young larva escapes from the egg 
through a slit in the shell made either by the hatching spine alone or 
by this spine aided by muscular contractions of the body. 
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EXPLANATION OF PLATES 
Plate i 

Fig. 1. The micropylar apparatus at the posterior pole of an egg of Nosopsyllns 
fasciatus showing a tendency toward a spiral arrangement of the 
openings. X 200. 

Fig. 2. Longitudinal section through a portion of the chorion at one end of an 
egg of Hystrichopsylla dippiei showing the volcanolike raised pro- 
cesses and the thick rigid shell of this species. X 250. 

Fig. 3. Transverse section through a Ctenocephalides felis egg in the third 
blastema substage. Enlargements of this section are shown in 
figures 10 and 11. X 100. 

Fig. 4. Margin of a section of a Ctenocephalides felis egg in the first blastema 
substage showing the vitelline spheres with their contained re- 
fringent vitelline bodies. Two nuclei may be seen in the periplasm. 
X450. 

Fig. 5. Margin of a section of a Ctenocephalides felis egg in the second blastema 
substage. This is an enlargement of a portion of the section shown 
in figure 40. X 450- 

Fig. 6. Posterior margin of a section of a Ctenocephalides felis egg in the 
second blastula substage showing the transition from the thinned 
dorsal blastoderm to the thicker ventral blastoderm. A sagittal 
section through an entire egg at this stage is shown in figure 50. 
X 450. 

Fig. 7. Longitudinal section through a Ctenocephalides felis egg in the first 
blastula substage. X 100. 

Fig. 8. Anterior margin of a section of a Ctenocephalides felis egg in the 
fourth blastema substage showing the nuclei crowded together in 
the periplasm. X 450. 
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Fig. 9. 

Fig. 10. 

Fig. 11. 
Fig. 12. 

Fig. 13. 


Fig. 14. 


Fig. 15. 

Fig. 16. 

Fig. 17. 

Fig. 18. 

Fig. 19. 
Fig. 20. 
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Enlargement of a portion of the section shown in figure 7 demonstrating 
the division of the periplasm into cell territories. X 450. 

Enlargement of a portion of the section shown in figure 3. Four 
nuclei may be seen in the periplasm. X 450. 

Similar to figure 10. X 450. 

Longitudinal section through the anterior half of a Ctenocephalides 
felis egg in a stage just prior to syngamy showing one polar body 
(PB) lying in the periplasm and the sperm (SN) and egg (EN) 
nuclei among the vitelline spheres. Only one more nucleus, the other 
polar body, showed in sections made from this egg. X 400- 

Portion of a section through a Nosopsylhs fasciatus egg before 
cleavage showing the effect of Heidenhain’s iron haematoxylin on 
the vitelline spheres. Some of the strands of the protoplasmic 
reticulum may be seen between these black spheres. X 400. 

Plate 2 

Sagittal section through an egg of Ctcnoccphalidcs felis showing the 
early formations of the mesenteron rudiments. The flattening of the 
germ band at the posterior pole, the first step in the formation of the 
posterior mesenteron rudiment, is clearly demonstrated. The begin- 
ning of the anterior mesenteron rudiment may be seen as a slight 
thickening of the germ band just ventral to the anterior pole. 
An enlargement of the posterior portion of this section is shown in 
figure 51. X 100. 

Portion of the anterior margin of a Ctcnoccphalidcs jells egg showing 
the anterior mesenteron rudiment at a stage slightly later than that 
shown in figure 16. As yet there is no indication of the amnio- 
serosal fold. X 450. 

Portion of the anterior margin of a Ctenocephalides felis egg showing 
the anterior mesenteron rudiment at the beginning of its formation. 
This stage corresponds to that shown in figure 14. X 450. 

Transverse section through the anterior third of the germ band of a 
Ctcnoccphalidcs felis egg at a stage somewhat later than that shown 
in figure 61, showing formation of the mesoderm by simple emigra- 
tion of cells from the blastoderm. The embryonic membranes have 
completed their formation above the germ band at this stage. 
X400. 

Horizontal section through a Ctenocephalides felis egg cutting the germ 
band through the procephalic lobes at the anterior end and through 
the region of mesodermal formation by the differentiation of a 
distinct tube at the posterior pole. The amniotic cavity is apparent 
above the tube. X 100. 

Enlargement of the posterior portion of the section shown in figure 18. 
This section is similar to that which is shown in figure 65. X 400. 

Horizontal section through a Ctenocephalides felis egg at a stage 
similar to that shown in figure 18 but at a somewhat more dorsal 
level. The procephalic lobes show to better advantage in this 
section. The plane of the cut follows the amnio-proctodaeal cavity 
for a short distance where the tail of the embryo turns into the 
vitellus at the posterior pole of the egg. X 100. 
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Fig. 21. Transverse section through the germ band of a Nosopsyllus fasciatus 
egg at the level of one of the pairs of coelomic sacs (CS). The 
epineural sinus is also shown, forming as a space between the 
embryonic band and the receding yolk mass. X 400. 

Ftg. 22. Transverse section through the procephalic lobes of a Ctenocephalidcs 
felis embryo showing details of the anterior region of the amniotic 
cavity together with the cellular nature of the amniotic and serosal 
membranes which cover it. X 450. 

Fig. 23. Portion of a sagittal section through a Cienocephalides felis egg with 
the anterior amnio-serosal fold beginning to form. The anterior 
mesenteron rudiment, at a stage a little later than that shown in 
figure 15, may be seen to the left of the fold. X 400. 

Fig. 24. Transverse section through a Ctenocepliahdes felis embryo just prior 
to dorsal closure. The cells of the third dorsal organ may be seen 
sinking into the vitelline mass. At the left a portion of the definitive 
body cavity is evident. This section is at a stage similar to that 
shown in figure 79. X 450. 

Fig. 25. Portion of a sagittal section through a Ctenocephalidcs felis egg at a 
stage a little later than that shown in figure 54. The amniotic mem- 
brane with its attenuated cells, the anterior mesenteron rudiment, the 
ectoderm, and the mesodermal layer are all clearly shown. X 400. 

Plate 3 

Fig. 26. Parasagittal section of a Cienocephalides felis embryo during the fifth 
day of development showing the body curved ventrally. At this 
plane the supraoesophageal and suboesophageal ganglia are con- 
nected by one of the circumoesophageal connectives. The ganglionic 
thickenings of the ventral nerve cord are no longer evident on the 
surface. X 100. 

Fig. 27. Horizontal section through a portion of the ventral nerve cord of a 
Ctenocephalidcs felis embryo showing the paired ganglia fused to 
form definitive ganglia. In two of these ganglia the two cross- 
commissural neuropile tracts are demonstrated. The interganglionic 
connectives are also shown. X 45o. 

Fig. 28. Portion of a transverse section through a Nosopsyllus fasciatus embryo 
showing a tracheal invagination in longitudinal section. X 450. 

Fig. 29. Portion of a sagittal section through a Ctenocephalidcs felis embryo 
cutting the proctodaeum in longitudinal direction. This stage is a 
little later than that shown in figure 35. X 450. 

Fig. 30. Section along a tracheal invagination of Hystrichopsylla dippici show- 
ing two large oenocytes lying adjacent to its wall. In this section a 
metastigmatic invagination parallels the tracheal invagination for 
a short distance. X 300. 

Fig. 31. Transverse section showing a portion of the head of a late embryo 
of Hystrichopsylla dippici. The developing hatching spine is a 
prominent structure. X 250. 

Fig. 32. Transverse section through the proctodaeum of a Nosopsyllus 
fasciatus embryo showing the four developing malpighian tubules. 
X400. 
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Fig. 33. Sagittal section through the head of a Ctenoccphalides felis embryo 
showing the blind end of the stomodaeum at this stage. Below the 
stomodaeum, the three fused ganglia of the gnathocephalon are 
demonstrated. X 45°- 

Fig. 34. Sagittal section through the stomodaeum of a Ctenoccphalides felis 
embryo. X 450. 

Fig. 35. Sagittal section through the proctodaeum of a Ctenoccphalides felis 
embryo at a stage somewhat younger than that from which figure 29 
was made. X 450. 

Fig. 36. Portion of a section through a Ctenoccphalides felis embryo at a stage 
somewhat older than that from which figure 35 was made. The 
proctodaeal invagination is considerably deeper in this stage. 

Plate 4 

Fig. 37. Section through the middle anterior region of a Ctenoccphalides felis 
egg showing the male and female gametic nuclei fusing in syngamy. 
Their peripheral processes are continuous with the reticular 
protoplasm which ramifies throughout the egg. X 400- 

Fig. 38. Section through the middle anterior region of a Ctenocephalides felis 
egg at a stage immediately following syngamy. The star-shaped 
zygotic nucleus lies in the center of the field. The complete section 
from which this enlargement was made is shown in figure 39. The 
vitelline spheres and their enclosed vitelline bodies show very clearly. 
X400. 

Fig. 39. Longitudinal section through an unsegmented egg of Ctenocephalides 
felis showing the zygotic nucleus lying in the middle anterior region 
of the vitellus. This nucleus is shown enlarged in figure 38. The thin 
chorion of this species shows clearly in this section. X Ii5- 

Fig. 40. Longitudinal section through a Ctenocephalides felis egg in the second 
blastema substage of development. As is usual in early-stage prepara- 
tions, the nuclei are only faintly visible. X 1 15. 

Fig. 41. Longitudinal section through a Ctenocephalides felis egg in the third 
blastema substage of development, showing the nuclei in the peri- 
plasm. X 1 15. 

Fig. 42. Longitudinal section through the same egg as that from which figure 41 
was made, showing three germ cells lying outside the egg at the 
posterior pole. These cells are shown enlarged in figure 46. X 1 15- 

Plate s 

Fig. 43. Posterior portion of a longitudinal section through a Ctenocephalides 
felis egg prior to cleavage, showing the periplasm widened at the 
posterior pole to form a distinct cap, the posterior protoplasmic cap. 
X 400 - 

Fig. 44. Longitudinal section through the posterior region of a Ctenocephalides 
felis egg in the first blastema substage of development, showing four 
germ nuclei in the periplasm at the posterior pole. X 400. 
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Fig. 45. Longitudinal section through the posterior region of a Ctenocephalides 
fells egg at a stage immediately following that shown in figure 44, 
showing three germ cells bulging out preparatory to constriction. 
The granular appearance of the interior of the egg and of a part of 
the germ-cell cytoplasm is possibly due to Blochmann’s corpuscles. 
X Soo. 

Fig. 46. Posterior portion of the section shown in figure 42, showing primordial 
germ cells which have been extruded from the egg mass at the 
posterior pole. They lie between the periplasm and the vitelline 
membrane. X 400. 

Fig. 47. Longitudinal section through the posterior region of an egg of 
Ctenocephalides jells, also in the third blastema substage of develop- 
ment. Six germ cells are shown at the posterior pole, lying outside 
of the periplasm. X 400. 

Fig. 48. Longitudinal section through the posterior region of a Ctenocephalides 
fchs egg in the first blastula substage of development. The peri- 
plasm is distinctly divided into cell territories. This section also 
shows a small group of germ cells which have reentered the egg 
and are lying just within the blastoderm. X 400. 

Plate 6 

Fig. 49. Longitudinal section through a Ctenocephalides jells egg in the fourth 
blastema substage of development. The full quota of first blastula 
substage nuclei is present but the cell territories characteristic of 
the blastula stage have not been delimited. X 115. 

Fig. So. Sagittal section through a Ctenocephalides felts egg in the second 
blastula substage showing the crowding of the cells toward the 
ventral midline which is the first step in the formation of the 
ventral plate. The thinned dorsal region and the thickened ventral 
region are clearly distinguishable. X 115- 

Fig. 51. Posterior portion of the section shown in figure 14, showing the 
flattening of the posterior pole of the germ band, the first step in 
the formation of the posterior mesenteron rudiment. A group of 
germ cells may be seen lying inside this flattened region. X 400- 

Fig. 52. Transverse section through the germ band of Ctenocephalides felis 
showing the beginning of the formation of the paired lateral amnio- 
serosal folds. X 400. 

Fig. 53. Sagittal section through the anterior region of a Ctenocephalides felis 
egg in a stage slightly more advanced than the one shown in figure 
23. The anterior amnio-serosal fold and the anterior mesenteron 
rudiment are both very clearly shown as is also the shallow pit at 
the point of emigration of the mesenteron rudiment cells. The 
chorionic and vitelline membranes also show to advantage in this 
figure. X 400. 

Fig. 54. Sagittal section through the anterior region of a Ctenocephalides felis 
egg at a stage somewhat more advanced than that shown in figure 53, 
showing the double nature of the amnio-serosal fold which has 
grown farther posteriorly. The ectoderm has entirely closed over the 
pit which existed above the mesenteron rudiment. X 400. 
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Plate 7 

Fig. 55. Whole mount of a Ctenocephalidcs fclis embryo dissected from the 
egg early in the third day of development. The germ band is unseg- 
mented and the tail region is not entirely withdrawn from the 
vitellus. At this stage the embryo consists of two general regions, 
an anterior one widened to form the procephalic lobes and a 
posterior unwidened one forming the protocormic region. X 115. 

Fig. 56. Sagittal section through a Ctenocephalides felis egg at a stage slightly 
younger than the one shown in figure 55 and corresponding to the 
stage shown in figure 54. The posterior amnio-serosal fold grows 
more rapidly than its anterior counterpart and may here be seen 
approaching the midventral region of the egg. This stage illustrates 
the maximum involution of the caudal region with the amnio- 
proctodaeal cavity lying at the center of the vitellus. It also shows 
how the germ band is carried around the inner extremity of this 
lumen. X 115- 

Fig. 57. Horizontal section through a Ctenocephalidcs felis egg in the same 
stage of development as that shown in figure 55. The germ band is 
cut transversely in three places, at the anterior end through the 
procephalic lobes, at the middle of the egg through the tail where 
the embryonic rudiment rounds the amnio-proctodaeal cavity, and 
at the posterior end of the egg where the tail piece was originally 
invaginated into the vitellus. The amniotic and serosal membranes 
are complete and show at both poles of the egg. X 115- 

Fig. 58. Section through a Ctenocephalides felis egg showing the involuted 
posterior portion of the germ band in transverse section at a plane 
posterior to the posterior mesenteron rudiment and at the center 
of the egg. The mesodermal cells may be seen migrating inward 
from the blastoderm. The lumen shown is the inner extremity of 
the amnio-proctodaeal cavity. X 400. 

Fig. 59. Sagittal section through the posterior region of the germ band of 
Ctenocephalides felis at a stage similar to that shown in figures 56, 
58, and 60. The posterior mesenteron rudiment cells are to be seen 
lying below the ectoderm adjacent to the posterior terminus of the 
amnio-proctodaeal cavity. X 400. 

Fig. 60. Parasagittal section similar to the sagittal one shown in figure 59. 
X 400. 

Plate 8 

Fig. 61. Transverse section through the germ band of Ctenocephalides felis 
at a point between the anterior amnio-serosal fold and the anterior 
mesenteron rudiment showing mesoderm formation by simple 
emigration of cells from the blastoderm. X 400. 

Fig. 62. Transverse section through the germ band of Ctenocephalides felis 
at a point in the anterior portion of its second third in that region 
of the embryonic rudiment where mesoderm formation is by the 
migration of cells from the blastoderm together with the formation 
of a groove. X 400. 



NO. 3 


EMBRYOLOGY OF FLEAS KESSEL 


75 


Fig. 63. 

Fig. 64. 

Fig. 65. 

Fig. 66. 


Fig. 67. 

Fig. 68. 
Fig. 69. 

Fig. 70. 


Transverse section through the middle portion of the germ band of 
Ctenoccphahdes fclis where the method of mesoderm formation is 
similar to that described for figure 62. X 400. 

Transverse section through the germ band of Ctenocephalides felis 
at a point in the posterior extremity of the second-third region, show- 
ing mesoderm formation by cellular migration following shallow 7 
groove formation. The regular course of the mesodermal cells as 
they move laterally below the ectoderm is also shown. That this 
stage is somewhat later than that shown in figures 62 and 63 is 
indicated by the fact that the amnion is formed and that the ectoderm 
has closed over the point of emigration of the mesodermal cells, 
thereby practically eliminating the groove. X 400. 

Posterior portion of a horizontal section through a Ctenocephalides felis 
egg showing the germ band cut transversely at a point just anterior 
to the region of its involution into the vitellus. This figure illustrates 
mesodermal differentiation by the formation of a distinct tube and 
also shows the amniotic cavity in the region where it is about to be 
transformed into the amnio-proctodaeal cavity. The amnion and 
serosa are clearly indicated ventral to the amniotic cavity. This 
section corresponds to that shown in figure 19. X 400. 

Transverse section through the germ band of Ctenocephalides felis 
at a level slightly posterior to that shown in figure 65 and at a 
somewhat later stage. The mesodermal tube is compressed and its 
lumen is obscured. The amnio-proctodaeal cavity and the amnion 
are both clearly shown, and some of the attenuated cells of the 
serosa may be seen lying against the surface of the vitellus. A 
region of deutoplasm consequently separates the two embryonic 
membranes. X 400. 


Plate 9 

Transverse section through the anterior region of the germ band of 
Ctenocephalides felis in that part which is differentiating into the 
procephalic lobes. The haphazard lateral progress of the meso- 
dermal cells is shown. The amniotic cavity, amnion, and serosa 
may be seen above the germ band. X 400. 

Transverse section through the procephalic lobes of Ctenocephalides 
fclis at a stage somewhat later than that shown in figure 67. X 400. 

Transverse section through the middle region of the germ band of 
Ctenocephalides felis showing the arrangement of the mesodermal 
cells at the completion of their migration from the blastoderm. The 
neural groove is beginning to form. X 400. 

Transverse section through a Ctenocephalides felis egg showing the 
germ band cut at two places. The completed amniotic and serosal 
membranes appear above the upper section. In both sections the 
neural groove and the layer of mesodermal cells lying below the 
ectoderm may be seen. X 375* 
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Fig. 71, Sagittal section through the posterior region of the germ band of a 
Ctcnocephalidcs felis embryo showing the lumen of the proctodaeum 
together with two diverticula at its inner end representing the 
beginnings of two of the malpighian tubules. X 4°°- 

Fig. 72. Transverse section through the germ band of a Ctcnocephalidcs felis 
embryo showing the early differentiation of the ventral nerve cord. 
The neural groove is shown at the middle of the band and to the left 
of this groove, just below the ectoderm, several neuroblasts may be 
seen. These neuroblasts are larger and rounder than the mesoderm 
cells which lie below them. The elongated ectodermal cells are 
dermatoblasts. X 400. 

Plate 10 

Fig. 73. Whole mount of a Ctcnocephalidcs felis embryo dissected from the 
egg after 3 days of development, when withdrawal of the tail from 
the deutoplasm is complete. Both the anterior and the posterior 
extremities of the germ band have grown around their respective 
poles of the egg and approximate each other on the dorsal surface. 
The segmentation is distinct. X 115 - 

Fig. 74. Parasagittal section of a Ctcnocephalidcs felis embryo at a stage 
similar to that shown in figure 73. Segmentation is distinct. The 
oral appendages appear in order: labral, mandibular, maxillary, 
and labial. Because of the parasagittal plane of the section, the 
stomodaeum does not show, and on the maxilla is an apparent 
ventral projection. A deep cleft separates the maxilla from the 
labium. The three thoracic segments follow the labium and posterior 
to these come the abdominal segments. The eleventh abdominal 
segment has already been carried in from the surface by the 
invagination of the proctodaeum. X 115. 

Fig. 75. Sagittal section through a Ctcnocephalidcs felis embryo at a stage 
corresponding to that shown in figures 73 and 74. The stomodaeal 
and proctodaeal invaginations are clearly shown. The labrum lies 
anterior to the stomodaeum. Immediately posterior to this in- 
vagination the three gnathal segments appear very much fused. 
X iiS- 

Fig. 76. Transverse section through the germ band of a Ctcnocephalidcs felis 
embryo showing the neural groove and coelomic sacs. The walls 
of the sacs are thick and their lumina very small. This stage corre- 
sponds to that shown in figure 77. X 400. 

Fig. 77 - Portion of a parasagittal section through the germ band of a Cten&- 
cephalidcs felis embryo showing the segmental arrangement of the 
coelomic sacs. X 400. 

Fig. 78. Transverse section through the germ band of a Ctenocephalides felis 
embryo showing how the neural groove is formed by the production 
of paired longitudinal thickenings, one such thickening on each side 
of it. The definitive body cavity or haemocoel, formed by the fusion 
of the epineural sinus and the ruptured coelomic sacs, is also 
shown. X400. 
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Plate ii 

Fig. 79. Dorsal portion of a transverse section through an embryo of Cteno- 
ccphalidcs felis at a stage just prior to dorsal closure showing the 
absorption of the third dorsal organ by the vitellus. At the left a 
layer of entodermal cells may be seen lining the yolk mass. To the 
left of these is a portion of the definitive body cavity. Parts of the 
chorionic and vitelline membranes are shown in the upper part of the 
figure. This stage is similar to that shown in figure 24. X 400. 

Fig. 80. Sagittal section through a Ctenocephalides felis embryo at a stage 
somewhat more advanced than that shown in figure 75. The coiled 
hind-intestine of this stage is shown cut through in several places 
and the anterior mesenteron ribbons have formed a complete floor 
of entoderm for the yolk mass. This entodermal lining is covered by 
the splanchnic mesoderm and below this lies the haemocoel. A strip 
of somatic mesoderm appears in the midventral region of the 
embryo. X H5- 

Fig. 81. Sagittal section through the anterior region of a Ctenocephalides felis 
embryo showing the inner end of the stomodaeum. The paired 
anterior mesenteron rudiments have fused ventrally and their cells 
are shown in this section lining the vitellus below the stomodaeum. 
The fusion of these ribbons dorsal to the stomodaeum is just begin- 
ning. X400. 

Fig. 82. Sagittal section through the anterior portion of a Ctenocephalides felis 
embryo showing the stomodaeal invagination and the labrum. X 400. 

Fig. 83. Horizontal section through the anterior region of a Ctejiocephalidcs 
felis embryo showing the paired lateral mesenteron ribbons (MR) 
lying adjacent to the yolk. X 400. 

Fig. 84. Portion of a section through a Ctenocephalides felis embryo showing 
the hind-intestine cut at two places. Three of the developing 
malpighian tubules may be seen communicating with the procto- 
daeum in the lower one of the cuts shown here. X 400. 

Plate 12 

Fig. 85. Portion of a sagittal section through a Ctenocephalides felis embryo 
showing several ganglia of the ventral nerve cord, each with its 
two transverse neuropile tracts. X 400. 

Fig. 86. Transverse section through the head region of a Ctenocephalides felis 
embryo in a late stage of development. In the upper portion of this 
figure, and on either side of the oesophagus, are to be seen the 
paired posterior extremities of the supraoesophageal ganglion. The 
suboesophageal ganglion lies below the oesophagus and in this 
section is shown connected with the supraoesophageal ganglion by 
the neuropile tracts of the circumoesophageal connectives. This 
stage corresponds with that shown in figures 26 and 87. X 400, 

Fig. 87. Sagittal section through a Ctenocephalides felis embryo in the fifth 
day of development shortly after ventral flexion. The proctodaeum 
is a particularly conspicuous structure. The supraoesophageal 
ganglion, the suboesophageal ganglion, and the chain of ventral 
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nerve ganglia also show to advantage. The ventral ganglionic 
thickenings are no longer evident on the surface. A parasagittal 
section of this same embryo is shown in figure 26. X US* 

Fig. 88. Parasagittal section through the head region of a Ctcnoccphalidcs fchs 
embryo at a stage similar to that shown in figures 26 and 87 showing 
the supraoesophageal and suboesophageal ganglia connected by the 
circumoesophageal connective of the side. The lateral nature of the 
section is further indicated by the lack of transverse commissural 
tracts such as appear in the ganglia shown in figure 85. The 
definitive nature of the mandible is also evident in this figure. X 400. 

Fig. 89. Portion of a sagittal section through a late embryo of Ctcnocephalides 
felis showing the gonad cut longitudinally, revealing the prominent 
germ cells inside it. X 400. 

Fig. 90. A similar section to that shown in figure 89 but showing the anlage 
of the genital duct leading posteriorly from the gonad. X 400. 
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A NEW PALM FROM COCOS ISLAND COLLECTED ON 
THE PRESIDENTIAL CRUISE OF 1038 

By 0. F. COOK 
(Witii 2 6 Plates) 

Cocos is a small, mountainous, forest-covered island less than 4 
miles across, lying in the Pacific Ocean about 250 miles southwest of 
Panama, chiefly known as a resort of buccaneers and seekers of buried 
treasure. The mountains rise to nearly 3,000 feet, with surfaces too 
precipitous for cultivation or grazing, so that permanent settlements 
have not been made, and the native vegetation has not been extermi- 
nated. The new palm was collected by Dr. Waldo L. Schmitt, of the 
United States National Museum, during the 1938 cruise of President 
Roosevelt on the U.S.S. Houston. It is a tall, handsome palm, of a 
group that has received relatively little study. Though not related to 
the coconut palm, it is remarkably similar in size and general appear- 
ance, and apparently was responsible in part for the name of the 
island. Certainly it was included with the coconut by Lionel Wafer 
in the account of his visit to Cocos Island in 1685, ' m “A New Voyage 
and Description of the Isthmus of America,” published in 1699. 

A nearly complete series of specimens was obtained by Dr. Schmitt, 
including flowers preserved in formalin, and photographs showing the 
native conditions and habits of growth, with the result that detailed 
comparisons with related palms from the mainland of Central and 
South America are made possible in this paper. Entire inflorescences 
and sections of the trunk were brought back, which make it possible 
to determine and to present illustrations of several features usually 
disregarded in descriptions, though of biologic and taxonomic interest. 
Palms are poorly represented in collections, and many have been 
described from fragmentary material, with only a few of the distinc- 
tive characters represented. 

The study of palms has remained backward compared with other 
branches of tropical botany, notwithstanding that popular interest in 
palms is perhaps greater than in any other plants. No other order of 
plant life contributes so much to the tropical landscape or finds so 
many uses among the tropical peoples. The reason why collectors of 
other plants usually neglect or avoid the palms is that specimens are 
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difficult to obtain and too bulky to be handled by herbarium methods. 
Collecting a single palm may take more time and trouble than a dozen 
or a score of herbaceous species, or of branching, small-leaved trees. 
The leaves, flowers, and fruits of the tall forest palms may be com- 
pletely out of reach, since many of the larger kinds have the habit of 
not flowering or fruiting until they emerge from the forest, or at least 
are tall enough to reach the direct sunlight, at 30 or 40 feet, so that 
climbing or cutting is necessary before any detailed study can be made. 
Felling a tall palm in a tangled tropical forest often proves difficult, 
even after the trunk is severed, but Dr. Schmitt was able to enlist 
for such an adventure a party of men 1 from the cruiser. 

Since few of the related palms have been illustrated, the photo- 
graphs from Cocos Island are of special value. Several of the illus- 
trations are from photographs obtained for Dr. Schmitt by R. B. 
Thompson, who took part in the palm excursion. The specimens were 
collected August 1, 1938, and are preserved in the United States 
National Herbarium. 

Since the name Rooscvcltia appears not to be preoccupied in botany, 
it is a pleasure to accede to the wish of Dr. Schmitt that the beautiful 
palm of Cocos Island, if it proved to he new, might bear the name 
Rooscvcltia frankliniana , in honor of President Roosevelt. 

HABITS OF ROOSEVELTIA AND RELATED PALMS 

The new palm is related to the well-known “royal palms 5 ' of 
Florida and the West Indies ( Roystouea floridana , R . regia and R. 
olcracca ), and to the mountain palms of Puerto Rico and neighboring 
islands {A crista monticola ). Other related palms are known from 
different localities in the tropical forest regions of South America, and 
through Central America to Guatemala. About 40 species have been 
described under the generic name Euterpe, others under Hyospathc , 
Prestoca, Orcodoxa , A crista, Catis , Plcctis, Oenocarpus , and Jcsscnia. 

The royal palms, the largest and best-known members of the group, 
are readily recognized by their massive symmetrical trunks, like col- 
umns of marble, but among the other kinds are even more beautiful 
forms. Some are known as mountain palms, from their habit of grow- 
ing at the summits of tropical mountains, above the dense forests that 
cover the lower slopes ; others live in swamps or among the under- 
growth, in the permanent shade of the forest. Barren soils or rocky 

*Lt. Comdr. R. M. Peacher; Lt. L. M. LeHardy; Ensigns J, P. M. 
Johnston, R. W. Meyers, and M. H. Buass; and J. L. Learson, M. S. Simon, 
R. B. Thompson, Jack Barron, T. M. O’Neil, Joe Balicki, and L. F. McPherson. 
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outcrops unfavorable for other vegetation sometimes give the palms 
exclusive possession of the mountain summits, with the elevated 
groves of palms standing out like islands in a sea of forest verdure. 

All the mountain palms and their forest relatives are of slender 
habit, with smooth, clean trunks prolonged by a green column of 
closely wrapped leaf-sheaths, as in the royal palms, but with the 
foliage usually a lighter, fresher green, more regular and more open, 
so that the general effect is exceedingly graceful. The name Oreo - 
doxa, meaning “mountain-glory,” was very appropriately given to one 
of the high-altitude palms of Venezuela, discovered by Willdenow, 
but misapplied by Martius to the royal palms of the West Indies, 
which grow in the lowlands. 

The new genus from Cocos Island finds its affinities with the moun- 
tain palms, though larger than other members of that series and 
different in many features from the mountain palms of the West 
Indies. The trunk is tall, rigid, and columnar, not attaining the thick- 
ness usual in the royal palms, but the crown of foliage having an equal 
spread and a form even more attractive. A trunk measured by 
Dr. Schmitt was more than 66 feet long; the leaf -blades attain 13 feet 
in length, and the segments or pinnae of the leaves are nearly 4 feet 
long. The open appearance of the leaf-crown is determined by the 
pinnae not being crowded together and set at different angles to the 
midrib, as in the royal palms, but regularly spaced and positioned, 
drooping and swaying in the graceful manner reckoned by many 
writers as the special charm of the coconut palm, a deceptive similarity 
that allowed the native Cocos Island palm to remain unrecognized, 
although every visitor must have seen it. The nature of the resem- 
blance may be appreciated by referring to small photographs taken 
for Dr. Schmitt by Mr. Thompson and reproduced at the top of 
plate 13. On the left is a group of coconut palms growing at Wafer 
Bay, on the right a profile of one of the native palms, emerging above 
the forest. 

COCOS ISLAND AS DESCRIBED BY LIONEL WAFER 

The remarkable similarity of the foliage makes it easy to under- 
stand how the palms that Wafer and later visitors saw on the hills 
of Cocos Island would be identified with the coconut palms that grew 
along the shore, and how this error might complicate the history of 
the coconut palm, as well as conceal the existence of a different native 
type. Wafer’s circumstantial account of wild coconut palms growing 
freely on the forest-covered hills of an uninhabited island doubtless 
has contributed greatly to the belief, still held by some, that the coco- 
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nut originated in the Pacific Islands. Opposed to this theory is the 
fact that none of the endemic palms of the islands or of the Asiatic 
continent is related to the coconut, whereas on the American con- 
tinent, and especially in South America, are scores of closely related 
genera and hundreds of species, composing the coconut family. 

Cocos Island was described by Wafer as “a very charming place/’ 
“so called from its coco-nuts, wherewith ’tis plentifully stored,” the 
impression of abundance no doubt being drawn largely from the 
native palms growing on the hills in the interior of the island, readily 
seen from the ship but not easily visited ashore. The coconut palms 
no doubt were confined to the lower ground, near the landing place, 
which would seem to have been cleared and planted by previous 
inhabitants, in view of the many coconuts featured in Wafer’s narra- 
tive. All coconut palms had disappeared when Cocos Island was 
visited by Henry Pittier, in 1898 and 1902, in the interest of the 
government of Costa Rica. 

To quote further from Wafer 2 : 

Tis but a small island, yet a very pleasant one; for the middle of the island 
is a steep hill, surrounded all about with a plain, declining to the sea. The 
plain, and particularly the valley where you go ashore, is thick set with coco- 
nut trees, which flourish here very finely, it being a rich and fruitful soil. They 
grow also on the skirts of the hilly ground in the middle of the isle, and 
scattering in spots upon the sides of it, very pleasantly. But that which con- 
tributes most to the pleasures of the place is, that a great many springs of 
clear and sweet water rising to the top of the hill, are there gather’d as in a 
deep large bason or pond, the top subsiding inwards quite round; and the 
water having by this means no channel whereby to flow along, as in a brook 
or river, it overflows the verge of its bason in several places, and runs trickling 
down in many pretty streams . . . 

Nor did we spare the Coco-nuts, eating what we would, and drinking the 
milk, and carry several hundreds of them on board. Some or other of our 
men went ashore every day ; and one day among the rest, being minded to make 
themselves merry, they went ashore and cut down a great many coco-trees; 
from which they gathered the fruit, and drew about 20 gallons of milk. Then 
they all sat down and drank healths to the King, queen, &c. They drank an 
excessive quantity: yet it did not end in drunkenness; but however, that sort 
of liquor had so chilled and benum’d their nerves, that they could neither go 
nor stand: Nor could they return on board the ship, without the help of those 
who had not been partakers in the frolick: nor did they recover it under 4 or 
5 days time . . . (pp. 175, 176). 

If this account be credited, the coconut palms of Wafer’s time 
must have survived from an earlier settlement of people on the island, 

* Wafer, Lionel, A new voyage and description of the Isthmus of America. 
Pp. 191-193- 1699- 
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of which other traces might be found if adequate search were made 
outside the range of the treasure-hunters. The coconut is strictly a 
sun palm, unable to develop under shade conditions, and hence unable 
to compete where forest vegetation is allowed to grow. Tall coconut 
palms in abandoned plantings may survive for many years before 
they are covered by the forest growth, but none of the seedlings 
develop and the old palms die out eventually. 

Other parties of buccaneers may have cut more of the coconut 
palms at Wafer Bay and hastened their extermination, but all had 
disappeared by the end of the nineteenth century. The only coconut 
palms that Pittier found at Wafer Bay were a recent small planting 
of nuts brought by a treasure-seeker from the mainland of Costa 
Rica, at Puntarenas. At another locality, near the southwestern end of 
the island, not accessible to landing from the sea, Pittier encountered 
a few other coconut palms of a different variety, not recognized on the 
mainland, and possibly a remnant from the former period when the 
Island was at least temporarily populated before Wafer’s time. 

Pittier was the first to recognize that the palms on the hills were 
not coconuts, although no specimen was obtained. But his verbal com- 
munication was definite, and was noted in Contributions from the 
U. S. National Herbarium, volume 14, page 291, published in 1910. 
Also in “A List of the Plants of Cocos Island,” by Alban Stewart, in 
the Proceedings of the California Academy of Sciences, January 
1912, page 388, there is mention of “an undetermined species of palm 
occurring quite abundantly on the hillsides above both Chatham and 
Wafer Bays.” Specimens with immature fruits were collected, but 
were not identified. Several other scientific expeditions reporting on 
the plants of Cocos Island seem to have overlooked the native palm. 

OTHER CABBAGE PALMS 

To the early explorers and the writers of the colonial period the 
royal palms and the related mountain palms were known as “cabbage 
palms,” referring to their use as food. The “cabbage” was the tender 
edible bud of the palm, borne at the top of the trunk, wrapped in a 
green cylinder of sheathing leaf-bases. The cabbage of the coconut 
palm and of many others could be eaten in emergencies, but the royal 
and the mountain palms were held in greatest repute, and in some of 
the tropical colonies were destroyed in great numbers or even com- 
pletely exterminated in districts that became populous. The palms 
of this group which still survive in the West Indies and in Central 
America are remote from settlements or occur in places so difficult of 
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access that at least a few are allowed to mature to the stage of pro- 
clucing seeds. These the birds scatter, so that rare individuals may be 
found. 

Appreciation of the royals and similar palms for decorative plant- 
ing, as in southern Florida and California, is a relatively recent devel- 
opment, mostly in the present century, though now attaining great 
proportions. The real-estate values of palms in Florida would be 
reckoned in many millions, single well-grown individuals often being 
bought at high prices, $500 or more. 

Some of the related palms in South America, notably the assai palm 
of Brazil, are spared by the natives for the sake of their small oily 
fruits, like grapes or cherries, borne in huge clusters. A valuable food 
beverage is prepared, sometimes called “wine” on account of its rich 
purple color, though not fermented, and by others compared to choco- 
late. Alfred Russell Wallace and other scientific travelers have given 
very favorable accounts of the assai as tasty and wholesome, refer- 
ring to its extensive use in the district of Para as “one of the greatest 
luxuries that the place affords.” Similar uses are reported of the 
fruits of related palms in Brazil and Guiana. 

That the Cocos Island palm has not been exterminated no doubt is 
explained by the failure to establish permanent settlements, and it may 
be hoped that protection will be given, should the island be occupied 
in the future. The palm probably can be cultivated in the Canal Zone, 
possibly also in Florida, in sheltered locations, and as a conservatory 
palm would be very striking. Fortunately Dr. Schmitt was able to 
obtain a quantity of seeds, which arrived in good condition and were 
planted at once, but with most of the palms germination requires sev- 
eral months, and the young seedlings grow very slowly. Of the sev- 
eral seedlings also brought from Cocos Island by Dr. Schmitt, two 
survived in the Washington greenhouses of the Department of 
Agriculture. 


OTHER PALMS ON SMALL ISLANDS 

Although it is not impossible that the palm of Cocos Island may 
also occur on the mainland, this is hardly to be expected in view of 
the localized distribution of many species and monotypic genera. It is 
much more probable that Cocos Island will share with several other 
small islands in remote parts of the world the distinction of produc- 
ing a strictly endemic palm, found nowhere else, except as some of 
the island species are being cultivated in other countries. The most 
important commercial species, the so-called “Kentia” palm, Denea 
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forstmana , familiar as a decorative plant, exists in the wild state only 
on Lord Howe Island, between Australia and New Zealand. The 
Canary date palm, Phoenix canaricnsis , hardier and more imposing 
than the commercial date palm, is restricted in nature to the single 
island Palma, northwest of Tenerife. The Bermuda palmetto, Sabal 
blackburniana , is a distinct species, all the other palmettoes being 
found on the American continent or in the West Indies. Navassa 
Island and Saona Island in the Caribbean Sea, have endemic species of 
Pseudophoenix . 

One of the most beautiful fan-palms, Erythea edulis, with emerald- 
green foliage, a favorite ornamental along the coast of California, was 
introduced from Guadalupe Island, off Lower California, where the 
wild stock is nearly extinct. Other magnificient fan-palms are found 
in single islands of the Hawaiian archipelago, and elsewhere among 
the Pacific Islands. A remarkable new genus, Pelagodoxa, was dis- 
covered a few years ago in one of the Marquesas Islands. Also in 
southern latitudes, beyond the tropical belt, insular palms occur ; 
Juania australis on Juan Fernandez, off the coast of Chile, and Eora 
ultima , a little-known palm on Chatham Island, southeast of New 
Zealand. Other species of Eora are found on Norfolk Island and 
Kermadec Island, and one on the main island of New Zealand. 

The genera that now are confined to the small islands may be con- 
sidered as remnants of richer floras existing formerly on the conti- 
nents. Human agency, no doubt, has exterminated many palms in the 
regions that were populated in prehistoric times. But even before the 
human period other types of woody vegetation may have displaced 
many palms, with the development of continuous forests of branching 
small-leaved trees, which formed dense canopies of shade under which 
more primitive sun-palms were unable to grow. 

Tolerance of shade has been acquired in different families of palms 
in several forest regions of the tropics, each region having its special 
flora of forest palms. The more primitive open-country palms are 
more widely distributed. Partial tolerance of shade, at least in the 
younger stages of development, is a positive requirement with all the 
forest palms, the extent of such tolerance often determining their 
ability to thrive in cultivation. The early stages of the forest palms 
may be more definitely specialized for shade conditions, as shown by 
longer petioles or more delicate foliage, than the later stages, which 
rise above the forest “roof” and so gain access to the full sunlight. 
To meet such requirements in the early stages of growth, locations 
with partial protection from sun and wind should be chosen for the 



8 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 98 

Cocos Island palm in southern Florida, Puerto Rico, or the Canal 
Zone, should the seedlings attain the transplanting stage. Permanent 
soil moisture is needed, of course, for any palms from humid tropical 
forests. All the hardy types of palms are adapted to open conditions, 
and do not thrive in the forest or under shade. 

EUTERPE A TRADITIONAL NAME OF CABBAGE PALMS 

The generic name Euterpe , used by Martius and subsequent writers 
for this group of palms, was borrowed without warrant from an East 
Indian genus not represented in America. The first specific name, 
Euterpe globosa , was proposed by Gaertner in 1792 for a palm de- 
scribed and figured in 1741 as Pinanga sylvestris globosa by Rum- 
phius in the ‘ k Hortus Amboinensis,” an important early work that 
served as the basis of many binomial names assigned by later writers. 
The failure of Gaertner to mention any specimen or locality leaves 
the name attached to the Amboina palm. The fruit is described and 
figured by Gaertner with an apical point, erect mesocarp fibers, and a 
lateral embryo, characters that do not appear in the American palms. 

Martius recognized his mistake before the second volume of his 
"Historia Naturalis Palmar um” was completed, and directed in the 
index that the reference to Gaertner be suppressed. In his third vol- 
ume he placed Gaertner’ s genus Euterpe as a synonym under the 
Malayan genus Areca, though continuing to use f ‘ Euterpe Mart.” for 
the American palms. Also in the “Palmetum Orbignianum,” pub- 
lished in 1847, Martius says “ Euterpe Mart, non Gaertn.” In the 
time of Martius it was customary for botanical authorities to modify 
definitions and change the applications of names in an arbitrary man- 
ner, instead of holding the names to their original applications, as is 
now considered necessary. 

The transfer by Martius of the name Euterpe to South America 
occasioned the proposal by B 1 ume in 1836 of a second name, Calyp - 
trocalyx spicatas, for the same palm that Rutnphius had described and 
Gaertner had called Euterpe globosa. Several other Oriental palms 
have simple inflorescences and globose seeds, and Gaertner may have 
seen some of these, A second species, Euterpe pisifera, established by 
Gaertner on a seed of unknown origin, also was identified by Martius 
with a Brazilian palm, but Gaertner 's drawing of Euterpe pisifera has 
been identified by Herr Burret with Heterospathe elata , another East 
Indian palm, so that no occasion remains for further association of 
the name Euterpe with American palms. 

Methods of classifying and naming plants have been profoundly 
altered since the work of Darwin gained credence for the idea of 
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gradual development of the organic world. From being concerned pri- 
marily with the fixing of names, classification has widened to a study 
of the courses of development, and is no longer limited to definitions 
or to logical analysis of the characters originally used in distinguish- 
ing groups, but calls for comparative study of any and all differences 
to the end of discovering and formulating new characters that mark 
the courses of development and the relationships of the groups to each 
other. The facts of development and adaptation determine the char- 
acters to be defined and the form of statements needed to present the 
differences clearly. 

Floral characters are less specialized among the palms than in many 
other groups, but stages of specialization are marked as definitely by 
other features. The inflorescences and the floral envelopes, instead of 
being enlarged and expanded as in many of the groups that are polli- 
nated by insects, have been greatly reduced and simplified in many of 
the palms, in order to be covered more effectively during the early 
stages of development. The usual protective functions of the floral 
envelopes in other groups of plants often are assumed among the 
palms by the spathes, or even by the leaf-sheaths, thus avoiding any 
exposure of the tender budding tissues to the sun or to the wind, 
or to insect injuries. Inflorescences have been simplified and floral 
envelopes have been reduced to rudimentary organs in many of the 
palms. That different courses of specialization have been followed 
in the various groups, though all in the direction of protecting the 
flowers, is evidence of the adaptive values of such specializations. 

Characters framed for taxonomic use are no longer to be considered 
as permanent definitions, seeing that supposedly diagnostic differences 
may lose their significance and that changes in descriptions often 
become necessary when closer relatives are discovered and compared. 
For such purposes of gradual improvement of classifications and 
descriptions, it obviously is necessary that names be held to their 
original application instead of being borrowed or shifted from one 
group to another, as the custom was among the older writers. 

In order that a generic name like Euterpe may always refer to the 
same group of plants, it should be attached inseparably to its original 
“type” species, instead of being allowed to drift away to other species 
that later may prove to belong to different genera, and so leave the orig- 
inal type to be renamed, as often has happened. The need of replacing 
these insecure methods began to be recognized several decades ago, 
but much of the confusion caused by casual or arbitrary transfers of 
names has still to be corrected. Darwin himself appreciated the basic 
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need of authentic names for scientific study, and left a legacy for es- 
tablishing a universal list of all the genera and species that had been 
described, the well-known “Index Kewensis." 

GENERA FROM SOUTH AMERICA AND THE WEST INDIES 
RELATED TO ROOSEVELTIA 

The palms that have been referred to Euterpe , though having a 
general similarity in habits of growth, show numerous specialized 
differences, some of which will undoubtedly be formulated to serve 
as generic distinctions in place of the larger group which is still in part 
treated as a large composite genus. Four genera have already been 
recognized in this assemblage, Acrista in the West Indies, Orcodoxci 
in Venezuela, Cat is in Brazil, and Plectis in Guatemala. Thirteen 
new species of Euterpe , mostly from Colombia, were described in a 
single paper published by Herr Burret in 1930, indicating that the 
group may be much larger than has been supposed. 

The name Acrista was proposed in 1901 for the mountain palm of 
Puerto Rico, as distinct from the assai palm of Brazil, which Martius 
had described as Euterpe oleracca. This specific name was found to be 
invalid because in the same work Martius had placed under Euterpe a 
much older Areca oleracea, from the West Indies, originally described 
by Jacquin in 1763, and later recognized as the royal palm of Bar- 
badoes, Roystmiea oleracea. To resolve this confusion, the name Catis 
martiana was suggested in 1901 for the palm that Martius had de- 
scribed as Euterpe oleracea. 

The genus Catis is similar to Acrista in its seeds with ruminate 
endosperm and its seedlings with simple, bilobed leaves, but distinct 
in its slender long-jointed trunk, longer leaves with more numerous 
(80-100) narrow drooping pinnae, the inflorescence branches adnate 
to the rachis above the insertion of the subtending bract; surface of 
axis and branches closely beset with stellate-tufted scales, including 
the surface of the bracts ; scars of male flowers often separated 2 to 4 
times their diameter from the female flower-scars ; male flowers with 
a large calyx, more than half as long as the petals, and oblong anthers 
3 to 4 times as long as broad, notably longer than the filaments, instead 
of short anthers and long filaments as in Acrista; female flower-scars 
enclosed by prominent triangular bracts, much overlapping below, but 
little above. 

Catis is not a mountain palm like Acrista , but thrives in swamps 
and water-courses in the lower Amazon Valley, its fruits being used 
extensively, as already stated. Acrista in Puerto Rico is confined to 
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mountain summits, and apparently requires somewhat open condi- 
tions, like most of the palms with small fruits eaten by pigeons or 
other birds. Many of the tropical forest trees, including some of the 
palms, have very large seeds, allowing seedlings to grow taller in the 
deep shade. The light requirements of Acrista were indicated by great 
numbers of the seedlings, only a few inches high, growing in the leaf- 
mold of a dense forest of tabonuco (Dacryodes hcxandra) near 
Ysolina, south of Arecibo, visited in 1901. The forest floor was car- 
peted with the small palms, but in the permanent twilight none of them 
grew beyond the seedling stage. A photograph of this unusual pure- 
stand forest appears in the “Economic Plants of Puerto Rico,” by 
O. F. Cook and G. N. Collins, Contributions from the U. S. National 
Herbarium, volume 8, page 132, 1903. 

The genus Oreodoxa, in its original application to Oreodoxa acumi- 
nata Willdenow, a mountain palm of Venezuela, apparently is much 
closer to Acrista than to Cat is, in having straight, naked branches, 
widely spaced flower-clusters, the male flowers with large compressed 
divergent pedicels, and the collar bracts very short, enclosing only the 
lower part of the female flower-scar, not covering the pedicels of 
the male flowers. These distinctive features are shown in Beccari’s 
drawings of specimens from Venezuela, published in “The Palms 
Indigenous to Cuba/ 1 Beccari held that the name Oreodoxa was avail- 
able for transfer to the royal palms, because Willdenow’s Oreodoxa 
belonged to Euterpe. In reality Martius did not transfer acuminata to 
Euterpe , but listed it under Oreodoxa. The change of application ap- 
parently occurred incidentally, through disregarding the original use 
of Oreodoxa by Willdenow and featuring the better-known royal 
palms as representing that genus, instead of providing the new name 
that was needed for the royal palms and later was supplied in 
Roystonea. 

A CLOSELY RELATED PALM IN GUATEMALA 3 

The ample material obtained by Dr. Schmitt allows many more 
characters to be studied than are usually treated, descriptions of most 
of the species being drawn from herbarium specimens alone. Sev- 
eral features of the new palm have not been previously recognized, 
some of them doubtless existing among the related types, but not yet 
formulated. Statements of new characters can have little meaning 
unless they take account of contrasting features of related forms. 
The palms are so different from other plants that many of the 


3 See description on page 22. 
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customary descriptive terms and expressions are applicable only with 
special meanings, and may prove misleading unless the actual features 
can be illustrated, preferably by photographs. 

The Cocos Island palm is related rather closely to Plcctis mvcmana 
Cook, discovered in mountain forests of eastern Guatemala in 1902 
and briefly described in the Bulletin of the Torrey Botanical Club, 
June 1904. The specimens of Plectis preserved in the United States 
National Herbarium include entire inflorescences and spathes, with 
several photographs taken in the type locality, so it is possible to 
illustrate several features for comparison with the new genus. Two 
species described under Euterpe, by Oersted from Costa Rica in 1858, 
E. macrospadix and E. longipetiolata, are well represented in the 
Herbarium. They arc small, slender palms, with ruminate seeds and 
simple-leaved seedlings, related to A crista but not to Plcctis or to 
Roosevdtia. 

A COMPARISON OF ROOSEVELTIA AND PLECTIS 

HABIL' AND TRUNK CHARACTERS 

Though sharing many of the characters of Plcctis , the Cocos 
Island palm is of more robust habit, with a thicker trunk and shorter, 
broader internodes, much wider than long, whereas the trunk of 
Plectis is more slender, with internodes often much longer than wide, 
sometimes twice as long. The base of the trunk is rather abruptly 
thickened, instead of tapering gradually as in Plcctis , the leaf-sheath 
bundle is thicker, the stalk or petiole of the leaf is much shorter, and 
the rachis or midrib notably longer. The trunk is supported on a mass 
of coarse roots, 2 cm. or more in diameter, usually not appearing 
above the surface, but the lower side of the root mass is sometimes 
exposed on steep slopes of tenacious clay soil, as shown in plate 4. 

A rather young palm, 25 or 30 feet high, w r as measured by 
Dr. Schmitt, 45 \ inches around the thickened base of the trunk, and 
20 J at 2 feet above the base ; but notably larger palms were seen, so 
that a diameter of 40 cm. or more is indicated, rapidly narrowing 
to about 20 cm. and then narrowing very gradually to 12 or 13 cm., as 
shown by sections from the top of the trunk, with inflorescences still 
in place. The trunk of Plectis tapers much more gradually from the 
base, and becomes much more slender at the top. 

The gradual thickening of the trunk is a feature that most of the 
palms do not share, the function of secondary growth being recog- 
nized only in the exogenous, bark-bearing plants, that have a special 
layer of cambium tissue for forming new wood. Although the trunk 
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of Rooseveltia has a fibrous structure like other palms, the arrange- 
ment of the fibers makes it possible for growth to continue, a hard 
shell being formed by closely compacted stout fibers, but with finer 
fibers outside, under a surface crust. The layer of large indurated 
fibers is about 2 cm. thick, with the fibers about 2 mm. in diameter, as 
shown in natural size at the right of plate 5 ; the layer of finer surface 
fibers is about 4 mm. thick. The fibers of the interior of the trunk 
are only 1 mm. or less in diameter, separated by loose pith. Each of 
the pith fibers has a large tubular channel on its mesial face, notably 
larger than the channels of the thick fibers or those of the smaller fibers 
near the surface. The finest fibers, delicate and filiform, are embedded 
in a light brownish corky stratum underlying a brittle surface crust, 
less than 1 mm. thick. The exposed surface of the crust, though 
appearing nearly smooth, is marked with fine longitudinal grooves, 
rather irregular and indistinct, usually 2 to 4 mm. apart, as shown 
at the left of plate 5. Where the surface is protected by crustaceous 
lichens, or overlaid with fine roots of epiphytic plants, the “bark” 
becomes thicker and more deeply fissured, leaving no doubt of a 
gradual renewal taking place where the surface is exposed. 

The leaf -scars are difficult to detect on sections from the lower 
part of the trunk, but internodes 5-6 cm. long are indicated ; on the 
fruiting section the internodes are reduced to 2.5 cm., the leaf-scars 
longer than the intervening zones, often attaining 2 cm., the scars 
not impressed or constricted, the surface somewhat uneven with 
scattered granules or tubercles where the fibers are attached (see pis. 
10 and 12). Much longer internodes are indicated by photographs of 
Plectis, probably attaining 12 to 15 cm. (see pis. 20 and 21). Two or 
three consecutive joints bear inflorescences, with an interval of 3 or 
4 barren joints before the inflorescences of the next season are 
developed. 


CHARACTERS OF THE LEAVES 

The leaf-crown of Rooseveltia r as shown in the photographs, is 
more ample than that of Plectis , and has a different aspect on account 
of the longer rachis and the more numerous and longer pinnae, and 
because the pinnae of Plectis droop from the rachis in a gradual curve. 
The rachis is held more erect or ascending in palms that stand in the 
open, shown in plates 1 and 19, instead of spreading or drooping, as 
in the more protected forest locations, plates 2 and 3. Although the 
leaf -blade is notably longer than in Plectis , about 4 m. instead of 3 m., 
the petiole is much shorter, 10-15 cm. instead of 35-45 cm., and the 
lowest pinnae are much closer together, only 3-6 cm. apart to 12-14 cm. 
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in Plcctis. The pinnae number 73 on a side and attain 115 cm. in 
length near the middle of the leaf, compared with 63 pinnae in Plcctis , 
90 cm. long. The upper pinnae are reduced to 60 cm. in Pooscvcltia , 
in Plcctis to 37 cm. 

The leaf-sheath is indurated and somewhat bulged in the middle of 
the lower part, extremely hard when dry, the outer surface nearly 
smooth, finely and irregularly striate, with the lines broadly and regu- 
larly sinuate near the base, thus affording space for the development 
of the young inflorescence, which apparently reaches nearly full size 
before the leaf falls. The remarkable thickening of the lowest joint 
of the peduncle may have a function in rupturing the base of the leaf- 
sheath at the proper time, although the sheath splits on the opposite 
side. Inner surface of sheath a much darker brown, deeply and 
coarsely striate when dry, also showing sinuate lines marking the 
courses of the fibers, but more prominent on the side supporting the 
petiole, there with 6 or 7 rows of fibers, distinctly coarser than those 
of the thinner sections; thickness of the middle section in the dry 
state attaining 5 mm., elsewhere about 1 mm. thick. The thickening 
of the sheath in the middle extends to the base, including the leaf- 
scar; length of leaf -scar below the thickened section usually about 
1.5 cm., sometimes nearly 2 cm., about I cm. on the other side. The 
upper part of the leaf-sheath, the back of the petiole, and the lower 
part of the rachis with a distinct pale vitta nearly 2 cm. wide, of harder 
tissue and somewhat more prominent than the neighboring surface. 

Petiole 4 cm. wide, deeply grooved, very densely beset with coarse 
rusty-brown scales on the upper side, underneath with only minute 
scattered brownish scales, the surface with rather thin, minute ap- 
pressed tomentum, appearing silvery or glaucous. Considering the 
petiole morphologically as a naked basal section of the rachis, the 
length would be reduced by the pinnae extending lower down, and this 
is indicated by the lower part of the rachis being grooved in Roosc - 
veltia , but nearly flat in Plcctis \ 

Rachis measuring 343 cm. in the only complete specimen, broadly 
grooved at the base, nearly 4 cm. wide, narrowed gradually and thick- 
ened in the middle, the ridge widening and the lateral margins sharp- 
ening, soon forming a distinct lateral groove where the pinnae are 
inserted, the groove gradually wider and deeper, with the median 
ridge gradually narrowed and the lateral projection above the groove 
gradually suppressed, till only a thin median flange remains, rising 
about 1 cm. above the insertions of the pinnae. On the terminal third 
of the rachis the median flange is suppressed gradually, and the rachis 
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narrowed to 2 mm. near the end. Upper surface of rachis beset with 
coarse brown scales, the lower surface nearly naked, the scales minute 
and widely scattered. 

Lowest pinnae 3-6 cm. apart, very narrow, 66 cm. long, 5-6 cm. 
wide, often splitting into 2-3 slender shreds ; fourth pinnae 60 cm. 
long, 12 mm. wide; middle pinnae 115 cm. long, 4.5 cm. wide, with a 
prominent vein on each side 1-1.3 cm. from the midrib, usually more 
remote from the upper margins than from the lower, as 7 mm. to 
4 mm. Three or four of the intervening venules larger than the 
others, but not regularly spaced, the finer venules very close ; no indi- 
cation of cross-veins. Upper pinnae 2.5-3 cm - apart, measured from 
the midveins. Pinnae with coarse brown scales underneath along the 
midveins, like the scales of the upper side of the rachis. Terminal 
pinnae very slender, 60 cm. long, 3 mm. wide, tapering to a long fili- 
form point. The base of the rachis is shown in natural size at the 
left in plate 7, the pinnae on the left side torn off, and also the third 
pinna of the right side, but the attachment is perceptible as a narrow 
oblique scar near the middle of the section. Thus the narrow basal 
pinnae are nearly as close together as the pinnae at the middle of the 
leaf, shown in plate 8, in marked contrast with the lowest pinnae of 
Plectis, shown in the right-hand figure of plate 7. 

STRUCTURE OF THE INFLORESCENCE 

The inflorescences are similar to those of Plectis but relatively 
much shorter and more compact, attaining about 65 cm. instead of 
exceeding 1 m. as in Plectis , the peduncle and axis more reduced, the 
branches set closer, the flowers notably more crowded, too close for 
contiguous fruits to develop without contact, notably congested in the 
proximal portions of the lower branches instead of being farther 
apart as in Plectis; also the naked basal sections of the branches much 
shorter and more compressed than in Plectis , with a smaller and more 
specialized pulvinus. Surface of branches with a dense tomentum of 
stellate scales, notably coarser and thicker than in Plectis . 

Spathes somewhat unequally developed, the lower spathe scar rela- 
tively narrow and superficial, the triangular lateral expansion of the 
scar much narrower than in Plectis and the projecting angle smaller. 
Inner spathe attaining a length of 85 cm., including a slender unopened 
tip 7 cm. long, 1.5 cm. wide at the base; width 5-6 cm., somewhat 
thickened at the sides but not distinctly carinate, the surface smooth 
but not shining, costulate along the fibers, and minutely striate, like 
an appressed tomentum ; in the middle or lower part with scattering 
light-colored lacerate-stellate scales, more of the rays directed upward. 
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The peduncle is relatively smaller and more compressed than in 
Plectis, except the basal joint, which is strongly swollen and in- 
durated, 3.5 cm. long in the middle, 6 cm. wide at the notches below 
the spathe scar, and 12-14 cm. wide across the basal rim that em- 
braces and nearly encircles the trunk, the ends only 5-6 cm. apart ; the 
line of attachment, where the fibers from the inflorescence enter the 
trunk, very narrow, only 4 mm. wide ; lower face of joint abruptly 
swollen immediately below the spathe scar, whereas the lower joint 
of Plectis is only slightly and gradually swollen on the lower side, 
though distinctly swollen in the middle of the upper side. Second and 
third joints more abruptly reduced than in Plectis , though relatively 
longer, because the first joint is shortened; second joint more than 
half as long as the basal joint and nearly twice as long as the third 
joint, whereas in Plectis the first joint may be two or three times as 
long as the second, and the third joint nearly equal to the second. The 
entire inflorescence in flowering and fruiting stages shown in plate 13, 
figures c, d, e and f, with the remarkable enlarged basal joint, this also 
in natural size, with the basal joints of the axis in plates 11 and 12. 

Axis much longer than the peduncle, though relatively short, from 
lowest to highest branch 27-29 cm., instead of 38 cm. in Plectis, 
closely beset with about 80 branches, not including those suppressed 
near the base, 18 on the upper side and 6 on the lower, or about 100 
branch positions in all ; the lower branches and branch positions sub- 
tended by short transverse bracts, much broader than long ; bract of 
third joint 1.5 cm. long, 2.3 cm. wide ; bract of first branch 5 mm. long, 
1.8 cm. wide, other bracts 2 mm. long, 1 cm. wide, gradually smaller, 
these reduced bracts notably contrasting with the large linguiform 
bracts or secondary spathes that subtend the lower branches of Plectis, 
shown in plate 22. End of axis appreciably thicker than the branches, 
attaining 6 mm., the branches 5 mm. or less, gradually tapering to 
3 mm. Naked base of branches attaining 3 cm. Lower branches at- 
taining 57 cm. long, upper branches 43-45*0111. The male flowers are 
mature on the lower and middle sections of the branches soon after 
the inflorescence is exposed, but near the ends of the branches are 
many undeveloped flowers with the corolla not emerging beyond the 
calyx, A branch at the stage of flowering is shown in plate 14 at the 
left, cut in three sections, with many full-sized male buds still in place, 
but the flowers fallen, leaving many female buds standing alone, 
natural size ; also detached male flowers and upper sections of a less- 
developed branch with the male flower-buds still in place. Lower 
sections of two mature fruit-bearing branches are shown in plate 16. 
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FLOWERS AND FRUITS 

Flowers in clusters of three, each cluster subtended by a broad 
lunate basal bract less developed than in Plectis , mostly covered with 
rather coarse tomentum of stellate scales like the surface of the 
branch, the margin of the bract usually naked, often sharply angled or 
apiculate in the middle ; female flower enclosed by two large, broadly 
triangular longitudinal bracts, notably more prominent than the basal 
bract, slightly overlapping at the ends, forming a collar around the 
flower scar ; one bract usually longer than the other, more distinctly 
angled at the apex and more carinate at the back, the margin often 
notched or fringed in the middle by the ends of parallel fibers like 
those of the sepals, outer surface of collar bracts with a rather sparse 
tomentum, shorter and finer than that of the basal bract; two male 
flowers above each female flower, the male flower scars usually circu- 
lar, quadrate or oblong, usually separated from each other by less 
than their combined width, set close to the large collar bracts of the 
female flower but separated by a rim of dense tomentum doubtless 
representing a very short pedicel ; one of the male flowers more dis- 
tinctly pedicellate than the other, and the scar somewhat smaller ; the 
small bracts that subtend the male flowers decurrent between the 
upper extremities of the basal bract, often sharply angled. The collar 
bracts are distinctly accrescent, growing much larger where fruits are 
developed, sometimes nearly 2 111m., or nearly half the length of the 
sepals, in section through the middle thicker than the sepals or the 
petals ; of the same brownish or purplish color as the perianth and 
the neighboring tomentum, possibly stained from the ripe fruits. 
Scars of female flowers and ripe fruits are shown in great numbers 
in plates 16 and 17. 

Male flowers 6 mm. long, the calyx triangular, the sepals broadly 
overlapping, 3 mm. long, thickened in the middle and often distinctly 
carinate, the prominence usually ending abruptly below the angular 
apex; margins on each side minutely fringed. Petals narrowly tri- 
angular, 5 mm. long, 2 mm. wide at base, rather irregularly costate- 
striate on the inside, with a rounded basal pulvinus nearly 2 nun. long, 
fused "with the large staminal cushion filling the lower third of the 
flower. 

Stamens 6, not exserted, the filaments rather robust, subconic, of 
firm, fleshy texture, 3.5 mm. long, broadened at base to nearly 1 mm. 
and somewhat united, forming a low ring on the staminal cushion ; 
filaments incurved at base, above gradually recurved, especially those 
alternate with the petals ; end of filament subtruncate, the attachment 



l8 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 98 

at one side. Anthers introrse, oblong, slightly tapering, 2-2.5 mm. 
long, the narrow subversatile attachment a little above the middle, the 
dark connective exposed at the back, nearly as long as the pale closely 
contiguous anther-cells. Pistillodes nearly 3 mm. long, conic-cylindric, 
assimilated to the filaments in form, texture, and color, thickened and 
somewhat united at the base, not flattened or much united as in Catis 
or Acrista . 

Female flowers with sepals and petals of the same texture and 
form, broadly obovate-triangular, the distal margin often transverse 
or retuse, but distinctly mucronate in the middle, the mucro thickened 
and the median area prominent, with numerous parallel longitudinal 
fibers, the marginal band very thin and transparent, often lacerate- 
fimbriate. Petals in the bud enclosed by the sepals, but strongly ac- 
crescent, at maturity about one-third longer than the sepals, covering 
the lower third of the fruit, the mature perianth brownish, tinged with 
dull crimson-purple along the margins. Staminodes obsolete, lacking 
even the thin rudiments sometimes found in Plectis. 

Fruits somewhat larger than in Plectis, subglobose, nearly 1 cm. 
in diameter ; style and stigma subapical, persistent, borne on a promi- 
nent indurated frustum, surface more coarsely granular than in 
Plectis; the outer crust thicker and harder, formed of large accretions 
of stone-cells; mesocarp fibers few, though stronger and more irregu- 
lar than in Plectis. Not only the style and stigma are thicker and more 
persistent than in Plectis but the supporting frustum is more promi- 
nent and much more indurated, the difference in texture being indi- 
cated by a dull yellowish color, instead of purplish like the surface 
elsewhere. The frustum in Plectis is somewhat less prominent, and 
only the rim is indurated and of a lighter, yellowish color, along the 
upper margin ; also the induration is less in Plectis and the disk nearly 
flat, the style not being thickened, and the base relatively narrow and 
abrupt. 

SEEDS AND SEEDLINGS 

Seeds globose-reniform, with uniform endosperm, basal embryo 
and subapical hilum, the upper surface somewhat flattened, a broad 
shallow groove between the hilum and the embryo ; the upper margin 
of the groove around the hilum somewhat prominent or inflated, more 
than in Plectis , also the groove broader and more sloping on the sides, 
the raphe or downward extension of the hilum much narrower than 
the groove, with distinct margins tapering gradually to a point about 
halfway to the embryo; the groove mostly occupied by a strand of 
parallel fine fibers, radially diverging under the embryo; the outer 
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layer of fibers much more irregular than in Plectis , some rather broad 
and flat, the inner layer also somewhat less regular, the lining mem- 
brane very thin, closely adhering around the seed, with the finer fibers 
impressing the surface of the testa. In Plectis the raphe is broader 
and longer, extending to near the embryo, and the fibers are free from 
the testa, leaving the surface clean and only faintly impressed with 
fine parallel lines. 

Seedlings like those of Plectis, but more slender and delicate; first 
expanded leaf with 6 separate segments, the rachis 1.2 cm. long, unit- 
ing the middle segments for 8 mm. ; second leaf and at least three 
others with only 4 segments, 2 on each side ; sometimes remain- 
ing adherent on one or both sides ; the segments somewhat more 
slender and grasslike than those of Plectis . Segments of first leaf 
6.5 cm. by 3.5 mm., widest below the middle, tapering gradually ; mid- 
vein and submarginal veins distinct, with 3-4 venules between ; mar- 
gins distinctly thickened. 

Seedling internodes very short, only 1 to 2 mm., with 2 or 3 roots 
emerging from each joint, either from the leaf-scars or from the inter- 
vening surface; roots 1-2 mm. in diameter, attaining 15-30 cm., taper- 
ing gradually, branching irregularly, often with fine ramifications near 
the base; roots very stiff and wiry, often injured at the sockets, so 
that transplanting may be difficult, as indicated by the survival of only 
two of those brought home by Dr. Schmitt. These individuals were 
among the smallest obtained. 

Sheaths and petioles of seedling leaves very long, no doubt an 
advantage in reaching more light; second bladeless sheath 4 cm., 
sheath of first expanded leaf 5 cm., increasing to 15 cm. on the next 
4 or 5 leaves, the filiform petioles as long as or longer than the 
sheaths, and the segments nearly as long, so that a height of half a 
meter is reached before the trunk is a centimeter long or a centimeter 
thick. Much longer petioles, probably a meter or more, are shown in 
the photograph of young palms or offshoots growing in the forest 
(pi. 3), in striking contrast with the very short petioles at the adult 
stage. Compared with the seedling leaves of Plectis, the sheaths are 
longer and the petioles relatively shorter, in agreement with the pro- 
portions of the adult palms. The rim of the sheath, opposite the inser- 
tion of the petiole, even on the lower leaves, is not transverse, but has 
an upward projection or antiligule 1-2 cm. long, indicating that this 
structure is a general feature of the palm. 

The seeds began to germinate in a few weeks, and by the middle of 
April 1939, many of the seedlings had expanded the first 2 leaves, 
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showing a remarkable regularity in the 6 pinnae of the first leaf- 
blade, with fewer pinnae and the number less regular on the second 
leaf. The antiligule is a constant feature, even on the first leaf, tri- 
angular and sharp-pointed, 5 to 7 mm. long, of very thin texture and 
soon turning brown like the tips of the bladeless sheaths. The first 
sheath, about 1 cm. long, has little chlorophyll and soon dies, the 
second sheath, 4-5 cm. long, being more persistent. The surfaces of 
the seedling, including the bladeless sheaths, midribs, veins and 
margins of leaves, are moderately beset with reddish-brown scales, 
more abundant near the base and the tip of the leaf -segments than 
in the middle. The outer sheath rises from a shallow cup, about 
2 mm. high, like that figured by Martius as the coleoptile of Euterpe 
oleraeea, the Brazilian assui palm now called Catis martiana. This 
organ is an outgrowth of the cotyledon, not a part of the plumule, 
and lacks the longitudinal fibers that give the sheaths a ribbed appear- 
ance in drying. A single primary root usually is surmounted by a 
single secondary, close to the coleoptile, which splits on that side. 
The roots are very slender and wiry, with many contorted lateral root- 
lets and adherent patches of a dark-brown membrane, suggesting an 
early surface layer that exuviates. 

CONTRASTING FEATURES 

The outstanding differences are the columnar, short- jointed trunk, 
abruptly thickened at the base; the thicker, more indurated leaf- 
sheaths ; the large fibrous antiligule ; the short, densely squamous 
petiole ; the long rachis with numerous close-set pendent pinnae ; the 
more compact and shorter inflorescence, with the basal joint strongly 
crassate and expanded to encircle the trunk; the close-set branches, 
subtended by small bracts ; the crustaceous exocarp with the style per- 
sistent, and mounted on a broad indurated frustum; the irregular 
mesocarp fibers ; and the broadly grooved seed, with a narrow short 
raphe. 

The relative absence of a petiole in the adult stage of Rooseveltia, 
the more compact and shorter inflorescences, and the harder shell of 
the fruits, in comparison with Plectis , may be taken to indicate less 
definite specialization as a forest palm, and better adaptation to open 
conditions than related palms that are natives of heavily forested 
regions on the continent. The island flora is very limited, of course, 
in comparison with that of the continent, including only a few kinds 
of trees, and these doubtless recruited gradually, so that in former 
times the palms may have had much more open conditions than in 
the recent period. 
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The branches of the inflorescence are set too close along the axis 
to afford space for thickened bulbous bases and swollen pulvini like 
those of Plectis , which stand much wider apart. There is only a short 
abrupt basal widening of the branches in Rooseveltia, and this notably 
flattened, with thin angular margins; the pulvinus also is more 
reduced, in the dry state appearing as a small corneous prominence, 
rather than broad, woody and persistent as in Plectis. 

As a consequence of the flower-groups being set more closely along 
the branches the positions of the male flowers are somewhat different 
from those of Plectis , the male buds not lying so flat against the 
branches, as shown by the long impressions above the female flowers. 
With the male buds more perpendicular to the branches, the bud-scars 
are not so much sloped or tilted against the base of the female flower, 
and hence appear more distinct in the photographs than do those of 
Plectis. Also the more upright position of many of the male flower- 
buds is shown in the natural-size photograph of inflorescence branches 
at the early flowering stage (pi. 14) . 

ROOSEVELTIA FRANKLINIANA, 4 n. gen. and sp. 

Plates 1-19 

Diagnostic characters . — Agreement in many characters shows close 
affinities with Plectis , but the trunk more robust and columnar, 
abruptly thickened at the base, not forming aerial roots; internodes 
short, much broader than long ; leaf-sheaths indurated at the base on 
the axial side; rim of leaf-sheath fibrous, produced in the middle, 
opposite the petiole, into a long fibrous antiligule ; petiole very short, 
densely squamous ; rachis very long, the pinnae more numerous, very 
long and pendent, the lower pinnae adjacent ; inflorescence shorter and 
more compact, with more numerous close-set branches, the peduncle 
very short, the basal joint indurate, crassate and inflated ; numerous 
lower branches suppressed on the upper side of the axis and several 
on the lower side ; branches and branch positions subtended by short, 
transverse, rudimentary bracts ; branches with a short, naked base 
slightly inflated at the insertion ; surface of branches densely tomen- 

4 Rooseveltia genus novum, Roosevelt ia frankliniana species typica, palma 
spectabilis formosa, insulae nuncupatae “Cocos” indigena, ad Plectina “halaute” 
Guatemalensium proxima, trunco valido columnari crebricincto, antiligula ampla 
fibrosa, petiolo perbrevi supra dense squamoso, pinnis permultis approximates 
praelongis pendentibus, spadice compacta, floribus congestis, baccis grumosis, 
leminibus late impressis recedit. Typus, Schmitt 134 (U. S. Nat. Herb. 
1,746,833— 841). 
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tose; flower-clusters closely crowded on the branches, especially on 
the lower sections of the basal branches ; basal bract of flower-clusters 
moderately developed, notably less prominent than the collar bracts ; 
male flower-scars often oblong quadrate or rounded, margined or 
winged with tomentum especially 011 the mesial side, the pedicel 
reduced to a thin disk, but sometimes distinct; fruits with an in- 
durated discoid frustum bearing the persistent indurated style and 
stigmas ; pericarp granular-tuberculate on the surface, hard and crus- 
taceous in texture, with irregular granules like stone-cells ; mesocarp 
fibers flexuous and variable in size, forming a rather irregular net- 
work; seed distinctly flattened on the upper face, a broad gradually 
sloping groove between the hilum and the embryo, and a short, narrow 
raphe, extending about halfway to the embryo. 

DESCRIPTION OF PLECTIS OWENIANA COOK 5 
Plates 4, 7, 20-26 

Trunk smooth, ringed with leaf scars, attaining 25 m. in height, 
08 cm. in circumference at base, 50 cm. at one meter above the base, 
27.5 cm. at the top ; trunk supported on a conical mass of thick tuber- 
culate roots 7.5 cm. in circumference, with large fibrous root-caps ; 
sometimes with aerial roots growing from higher internodes, to a 
meter above the surface, forming props around the trunk as in the stilt- 
palms, Iriartea and related genera. The special development of aerial 
roots may be an adaptive character for growing on massive limestone 
formations. 

Leaf-sheath bundle 150 cm. long, 27.5 cm. in circumference near 
the top ; margin of the sheath thin and friable, a projection or antili- 
gule about 6 cm. long opposite the petiole, of fleshy or membranous 
texture, not fibrous, fragile when dry, about 6 cm. long, 5 cm. broad. 
Texture of leaf -sheaths thin, with a delicate lining that separates 
readily ; petiole 37-47 cm. long, nearly 4 cm. wide near the base, 3 cm. 
below the first pinnae, broadly grooved in the lower part, nearly flat 
above, the upper surface with scattered minute fugacious scales. 

Rachis 267 cm. to the insertion of last pinna, 27 cm. wide near the 
base, the upper surface nearly flat, gradually becoming ridged and tri- 
angular in cross-section, flat underneath, tapering from 8 mm. wide 
to only 2 mm. near the end, continued as a slender fiber as long as the 
last pinnae. Surface of rachis with scattered fine scales, larger and 
more abundant on a small oblique area below the insertion of the pinna 

5 Bulletin of the Torrey Botanical Club, vol. 31, p. 353, June 1904. 
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and also on the base of the pinna, the scales flat and rather regular in 
outline, often split or notched along the margins, but not rayed or 
fringed ; lower part of rachis surface naked. 

Pinnae 61-63 on each side, lower pinnae widely spaced, 12-14 cm. 
apart, the middle and upper pinnae closer and more regular, about 
4 cm. apart ; basal pinnae 67 cm. by 1.1 cm. ; middle pinnae 81-93 cm. 
by 3-5 cm. ; terminal pinnae 37 cm. by r .2 cm. or less, often split into 
narrow shreds, 5 mm. or less in width. Upper pinnae with coarse 
brown scales on a short basal section of the midrib underneath, the 
scales possibly fugacious elsewhere. Secondary veins distinct, but less 
prominent than in Rooseveltia. 

Outer spathe longer than the inner, attaining 130 cm., broadly 
auricled at base, 15 cm. broad across the auricles, 10 cm. broad above 
the auricles, gradually wider above, the lateral margins winged, the 
tip thin and flat, 4 cm. wide near the end. Auricles of the first spathe 
supported on the widened basal joint of the peduncle, the lateral 
expansion of the spathe-scar measuring 2.5 by 1.5 cm., but the scar 
only 2 mm. wide near the median line. Scar of second spathe 6 111m. 
wide 011 the sides, 3 mm. near the middle. The two spathes similar 
in size and texture, thin and friable when dry like the leaf sheaths, not 
woody and rigid as in some of the related genera that have unequal 
spathes, only the inner spathe complete, the outer much shorter. A 
similar specialization, two complete spathes of thin texture, and these 
retained in the leaf-sheaths till the time of flowering, appears in sev- 
eral East Indian palms, Seaforthia , Loroma, Archontophoenix , and 
Li noma. 

Spadix, including the very long, slender subequal branches, exceed- 
ing 1 m. ; peduncle to first branch 9-13 cm., basal joint 5-9 cm., sec- 
ond joint 2. 2-2. 5 cm., third joint slightly shorter than the second. 
Branching axis 37-39 cm., with 65-70 branches ; tip of axis beyond 
branches 66 cm.; several branches (7-9) suppressed on the upper side 
of the lower part of the axis, none on the under side; the lower 
branches and locations of suppressed branches subtended by large 
rusty-brown spathelike bracts, attaining 22 cm. by 4 cm. Lower 
branches 60-70, long, the naked base or stalk attaining 6 cm,, gradu- 
ally shorter, 2-4 cm., on upper branches; distal sections of branches 
tapering, the terminal 5-6 cm. with only male flowers. Lower branches 
often with a rounded dark-colored pulvinus above the lowest flower- 
cluster or flower position, doubtless a carry-over from the pulvini in 
the axils of the branches. 
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Flower-clusters rather remote in the lower sections of the branches, 
then gradually closer, though not crowded as in Roosevcltia , the 
middle and upper sections becoming distinctly notched and flexuous 
011 account of the deep depressions formed by the male flower-buds; 
male flower-scars usually transverse or triangular, surrounded by a 
narrow rim of compact tomentum, one of the pair often distinctly 
pedicellate at least on the lower part of the branches. 

Female flowers with sepals 3 mm. by 4 mm. ; petals subquadrate, 
5 111111. long, subtended by two broadly triangular erect bracts, often 
distinctly carinate on the outside, often exceeding 1 mm. in height. 
Staminodes sometimes distinct, at least the outer 3, those alternating 
with the petals minute and membranous or somewhat indurated. 

Fruits broadly conic-ovoid, with a prominent subapical stigma-scar 
or slender shriveled style, surrounded by a low flattened frustum : 
surface nearly smooth, the exocarp thin, firmly fleshy; mesocarp 
fibrous in tw T o layers, an outer coat of brown interlaced and anastomos- 
ing fibers and an inner coat of much finer pale-yellowish fibers, sub- 
equal and parallel, imbedded in a rather firm fleshy membrane, the 
surface of the testa only faintly impressed. 

Seeds reniform-globose, with uniform endosperm, basal embryo 
and subapical hilum, a broad abrupt groove between the hilum and the 
embryo, mostly occupied by the broad raphe decurrent from the hilum 
to near the embryo. 

Seedlings with the first leaf compound, of 3 pinnae on each side 
followed by at least 3 leaves with only 2 pinnae on a side, sheaths of 
seedling leaves 6-7 cm. long, petioles to T9 cm. 

The original specimens of Plcctis owcimna , the type of the genus, 
were collected in Alta Ycra Paz, Guatemala, northwest of Panzos, 
near the Finca Sepacuite, between Sctiahu and Cajabon, March T902. 

The very large bracts or supplementary spathes subtending the 
lower branches of the inflorescences and marking the locations of sup- 
pressed branches are a notable example of the retention of a primitive 
feature that in Roosevcltia and most of the other related forms are 
reduced to mere rudiments. The spathes undoubtedly are homologous 
with the bracts that subtend the branches, some of the primitive palms 
having compound inflorescences with spathes developed at each 
branch, and all the spathes nearly equal, instead of the basal spathes 
being largely developed and the others suppressed. The original pro- 
tective function having passed entirely to the large basal spathes and 
the leaf-sheaths, it is difficult to imagine that the large bracts of 
Plectis are of any use, though of scientific interest as marking a stage 



NO. 7 


A NEW PALM FROM COCOS ISLAND — COOK 


25 


of gradual suppression. In retaining the large bracts, Plcctis may be 
considered as less specialized, and also in having the two large basal 
spathes nearly equal’ the first somewhat larger than the second, the 
usual relation being that the first or outer spatlic is much shorter, with 
the inner spathe emerging at a relatively early stage of development, 
and becoming much firmer in texture than the outer spathe. 

Each of the flower clusters is subtended by a bract, as though rep- 
resenting a shortened branch of a primitive compound inflorescence, 
and four other bracts are represented in each flower cluster, one on 
each side of the female flower, usually overlapping at the ends, form- 
ing an upright persistent collar around the base of the flower. Outside 
the collar bracts are two others, much smaller, each subtending a male 
flower, these male bracts decurrent between the collar bracts and the 
upward extensions of the basal bract, at the sides of the female flower. 
The basal bract is nearly as prominent as the collar bracts and often 
distinctly apiculate. The collar bracts are angled or broadly rounded, 
somewhat carinate at the back, and thickened with parallel fibro- 
vascular ribs like the basal bract and the calyx, though less so than 
in Rooscvcltia. Surface of basal bracts and also of collar bracts cov- 
ered with short tomcntum like that of the branches. This functional 
involucre in Plcctis and related genera is in contrast with A crista and 
Orcodoxa , which have the bracts minute and rudimentary, buried 
under the flowers in the depressions of the thickened branches 

Small off-shoots are formed on young palms, as shown in the pho- 
tograph, though under forest conditions only one trunk is developed 
from a cluster of roots. On a cut or injured trunk another off-shoot 
may develop, as observed in several cases where roads or temporary 
clearings had been made through forest areas. 

The fact that all the young palms are much more slender than the 
mature individuals leaves no doubt that a gradual thickening of the 
trunk takes place during development, although the surface is nearl) 
smooth and evidences of enlargement were not obvious on the largest 
palms, that may have attained the full diameter. On palms of medium 
size, a more rapid thickening may take place, and longitudinal fissures 
of the outside layer were in evidence, although the surface is kept 
nearly even by the furrows filling with a new growth of brownish, 
barklike, corky material. Also it was noticed that a rather soft outer 
layer could be distinguished, with fibers much smaller than those of 
the harder “wood” underneath. By a gradual addition of fibers on 
the outside, fine at first and gradually thickened, a form of exogenous 
growth seems possible. 
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A large individual, about 25 m. tall, in the forest near Sepacuite, 
was cut in 1902 but remained upright, held by vines that bound it to 
an adjacent large tree, and was still alive in 1904, with the leaf-crown 
still fresh. That the moisture stored in the trunk had been sufficient to 
support the crown is difficult to believe, and raises the question of the 
leaf-crown absorbing water or of a few fibers near the center of the 
trunk remaining uncut and continuing to function for a time. It is 
known that trunks of other palms continue to exude sap at the upper 
end for several months after being felled, as in the “molasses palm” 
of Chile, Jubaea chilensis (Molina), and the humid forest conditions 
doubtless would lengthen the period of continuing to furnish moisture. 



SMITHSONIAN MISCELLANEOUS COLLECTIONS 


VOL 98, NO 7, PL 1 



SHORE OF COCOS ISLAND AT CHATHAM BAY, WITH ROOSEVELTIA 
PALMS EMERGING ABOVE THE FOREST 



i \ leat crown ot a palm standing in tlu foiest 



2 Leai-crow-n ot ielled palm, stood up to show lcat-sheath the \cry short 
petiolts and the close-set lowei pinnae 

FOLIAGE OF ROOSEVELTIA GROWN UNDER FOREST CONDITIONS 
WITH SPREADING LEAVES AND NUMEROUS DROOPING PINNAE 






Toliage and habits ot growth z Base cl matme palm tiunk oi ergiovin with epiphytes 

o± the Rionielia lannh \t light ot tiunk slender leaAC> 
ot palm offshoots with long petioles 

FOREST ON COCOS ISLAND WITH NATIVE PALMS 
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Base of a RaosLitltui palm and laige offshoot gi owing on a steep slope 2 -Venal loots of Phitis oo^tinana Vita 

the loots exposed on the lowei side Guatcm da 

roots of Roosevelt i a and Plectis 
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i Outei surface of matin c trunk 
near the base tht thin suiface la’Nci 
vuth fine longitudinal gioo\es les*> 
distinct abo\t than wheie the sui 
face was protected b\ the. crusta 
ceous lichens the bark bioken m 
the lower pait showing the smooth 
subsui face la\cr (Natuial si/e ) 
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2 I ongitu hnal sections of the 
trunk at the light a ladial stction 
showing tine hbcis near the sui face 
and coarse compact fibers under 
ncath iett hand section with finer 
fibers farther i p the trunk ( Nlatu 
1 -d si/t ) 


Trunk of Rooseveltia Palm 



Mouth of leaf -sheath and base of petiole, the leaf-sheath opened and flattened, 
showing the antihgule as a large fibrous expansion of the sheath be\ond the 
attachment of the petiole. Also the light-colored vitta at the back of the petiole 
is distinctly shown. (Natural size.) 

ANTILIGULE OF ROOSEVELTIA 
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i Roostzcltia basal stction of 2 PIiLtis lower section ot rachis 

the rachis showing insertions ot =; with onl> 2 pinnae on each side 

pinnae the middle pinna lost but wideh separated (\atural size ) 

the scar perceptible 

Base of Rachis of Rooseveltia and Plectis 
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i. Section near the middle of the 
leaf showing the rachis with a high 
median flange abo\e the insertion 
of the pinnae. 


2 Terminal section of the rachis, 
to insertion of last pinnae, the upper 
surface of rachis beset with brown 
scales ( Natural size ) 


RACHIS OF ROOSEVELTIA 



Leaf of Rooseveltia middle section showing regular 

INSERTION OF VERY LONG PENDENT PINNAE 
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Young Inflorescence of rooseveltia 

Section of the spathe and first joint of peduncle, seen from the side, showing 
the lateral expansion that nearly encircles the trunk. Also note striate surface 
of young leaf-sheath, unevenly beset with small brown scales. 
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Base of mature infloiescence (Neaih natural size ) 

rooseveltia Basal Joint of Peduncle 
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ROOSEVELTIA TRUNK AND INFLORESCENCE 

Summit of trunk, base of mature, indurated leaf-sheath, short trunk-zones and 
longer leaf-scars, with basal joints of mature inflorescence. (Natural size.) 



Coconut Palms and rooseveltia 

a, coconut palms at Water Bay, Cocos Island, to compare with b , b , leat-crown 
ot Rooseveltia, showing similai leaf-form and drooping pinnae, r, d f }oung 
inflorescence of Rooseveltia at the opening ot the male flowers , e, f, mature in- 
florescence of Rooseveltia , viewed from the side and underneath, showing the 
greatly swollen basal joint ot the peduncle and the ripe fruits 







ROOSEVELTIA MALE FLOWERS 

Shovung short o\erlappmg sepals, large \ ah ate petals flesh} retimed 
tiuncate filaments oblong-triangular anthers, and dnaricate pistillodes (En 
larged about 7 diameters ) 
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I Basal sections ot inflorescence 
branches with mature fruits ( Natu 
ral size 


2 Basal section ot matuie in 
florescence showing insertion ot 
btanches along the axis and sup 
pression of branches on upper face 
(Natuial si/e ) 


FRUITING STAGE OF ROOSEVELTIA 


* 



BRANCHING OF ROOSEVELT! A INFLORESCENCE 

Several branches removed to show clcsc insertion cf branches anJ end ot 
branching axis somewhat thicker than the branches (Katnral si?e ) 



bat>e 
older 
size ) 



SMITHSONIAN MISCELLANEOUS COLLECTIONS 


VOL 98 NO 7 PL 19 




SMITHSONIAN MISCELLANEOUS COLLECTIONS 


VOL 98 NO 7 PL 20 



Plectis Palms Emerging above the Forest on the Summits of 
Limestone Mountains in the Department of Alta 
Vera Paz, in Eastern Guatemala 



Mature inflorescence of plectis 

Upper joints of trunk and portion of leai-sheath showing \er\ long slendei 
branches to compare with more compact inflorescence of Koosczcltia, plate 13 






Young Inflorescence of plectjs Palm 

Lppei part ot peduncle and lower section ot branching axis showing laige 
spathelike bracts subtending branches and locations where blanches are sup 
piessed \t the left a naked seed and a seed with fibrous covering beginning to 
germinate (Natural size ) 



PEDUNCLE AND FRUITS OF PLECTIS PALM 

With lower section ot branching a\is showing long naked base ot branches 
with puhini at the nisei tions also section of a branch with mature iruits 
( Natural size ) 





Off shoots of plectis Palm 

\ large ott shoot rise to 4 much smaller oft shoots with narrow grass- 

like leaf segments like thise of seedlings but mere numerous ( \atuial size ) 
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Foliage of Plectis palm 

L p per section ot trunk leaf-sheath bundle and pait of leat crown brought out 
I'i pho j° 8r j p , h at r, ' lca , Sepacuite in the distuct of Panzos showing 
lon„ petioles and widelv spaced sloping pinnae in companson with Roosiultia 
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FLOWERING PLANTS COLLECTED ON THE 
PRESIDENTIAL CRUISE OF 1938 

By ELLSWORTH P. KILLIP 
Associate Cm at or , Division of Plants , IL 9 . National Museum 

The flowering- plants collected by Dr. Waldo L. Schmitt on the 
Presidential Cruise of 1938 are enumerated herewith, with the excep- 
tion of a new palm, described by Dr. O. F. Cook in a preceding paper 
of this series. Among the 25 species represented several are very rare, 
being known only from the Galapagos Islands, These specimens are a 
valuable addition to the National Herbarium. 

NAJADACEAE 

Najas marina L. Sp. PI. 1015. 1753. 

Clipperton Island; lagoon back of landing place (no. 102). This 
collection represents form “A” in Rendle’s monograph of the family, 1 
the leaves being much broader than in the form common in the United 
States. This species is widely distributed throughout the world. 

OR AMINE AE 

Aristida subspicata Triu. & Rupr. Mem. Acad. Pelersb, VI, 7: 125. 1849. 

Elizabeth Bay, Albemarle Island (no. 107). Endemic to the 
Archipelago. 

Cenchras echinatus L. Sp PI. 1050. 1753. 

Clipperton Island (no. 104). A common tropical weed. 

AMARANTHACEAE 

Alternanthera echinocephala (I look, f.) Chrislophersen, Nyt. Mag. Natur- 
\idensk. 70: 73. 1932. 

Brandcsia echinocephala Hook. f. Trans. Linn. Sue. 20: 189. 1847. 

Charles Island (no. 119). Endemic to the Archipelago. 

Alternanthera nudicaulis (Hook, f.) Christophersen, Nyt. Mag. Naturvi- 
densk. 70: 73. 1932. 

Bucholtcia mtdicaiths Iluok. f. Trans. Linn. Sue. 20* 191. 1847. 

Charles Island (no. 126). Endemic to the Archipelago. Identified 
by John Thomas Howell, California Academy of Sciences. 

1 Pflanzenreich 4^. 1901. 
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NYCTAGINACEAE 

Boerhaavia tuberosa Lam. 111 . Gen. 1: 10. 1791. 

Charles Island (no. 120). This species is common in the Galapagos 
Islands and occurs also in Peru. Records for B. scandens L. in the 
Archipelago evidently apply to B. tuberosa? 

AIZOACEAE 

Sesuvhim edmonstonei Hook. f. Trans. Linn. Soc. 20: 221. 1847. 

Sulivan Bay, James Island (no. 106). Endemic to the Islands. 

CAESALPINIACEAE 

Emelista tora (L.) Britton & Rose, ex Britton & Wilson, Sci. Surv. Porto 
Rico & Virgin Is. 5: 371. 1924. 

Cassia tora L. Sp. PI. 376. 1753 - 

Charles Island (no. 125). Common throughout the Tropics and 
in warmer parts of temperate regions ; apparently not before reported 
from the Galapagos Islands. 

Parkinsonia aculeata L. Sp. PI. 375 - 1753. 

Charles Island (no. 114). A common tree of the American Tropics. 

PAPILIONACEAE 

Parosela parvifolia (Hook, f.) Macbr. Contr. Gray Herb. 65: 23. 19 22. 

Dalea parvifolia Hook, f, Trans. Linn. Soc. 20: 225. 1847. 

Charles Island (no. 112). Species not previously represented in the 
National Herbarium. 

The writer has given ** reasons for retaining for this genus the name 
Parosela , in general use among American botanists. Dalea has been 
proposed as a conserved name by the International Committee on 
Nomenclature. 

Galactia velutina Ik nth. in Tayl. Ann. Nat. Hist. 3: 437. 1839. 

Galactia jussiaeana var. volulnlis Benth. in Mart. FI. Bras. 15 1 : 143. 1859. 

Elizabeth Bay, Albemarle Lsland (no. 109). Also in northern and 
eastern South America. In reports on the Galapagan flora this plant 
is listed as G. jussiaeana var. vohibilis , but special studies which the 
writer has made of South American Papilionaceae indicate that it rep- 
resents a species distinct from G. jussiaeana. 

4i See Standley, The Nyctaginaceae and Chenopodiaceae of northwestern South 
America, Field Mus. Bot. xx: 106. 1931. 

3 Journ. Washington Acad. Sci. 26: 360. 1936. 
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EUPHORBIACE \E 
Phyllanthus niruri L. Sp. PI. 981. 1753. 

Clipperton Island (no. 101). A common tropical weed. 

MALVACEAE 

Abutilon umbellatum (L.) Sweet, Hort Brit. 53. 1826. 

Sid a umbcllata L. Syst. Nat ed io, 1145 1759. 

Charles Island (no. 113). This genus is in need of thorough revi- 
sion, and for the present I am accepting Svcnson’s views 4 in reducing 
the two supposedly endemic Galapagan species, A. depauperatum 
(Hook, f.) Andcrss. and A. anderssonianum Garcke to synonyms of 
A. umbellatum , a rather widespread plant in tropical America. 

Anoda cristata (L.) Schlecht. Linnaea 11: 210. 1837. 

S ida nistatci L. Sp. PI. 684. 1753. 

Charles Island (no. 122). Widely distributed in the Tropics. 

Gossypium barbadense L. Sp PI. (>93. 1753. 

Charles Island (no. 115). In spite of the economic importance of 
this genus, its taxonomy is in a state of great confusion. The species 
name is here used in a broad sense. 

STERCULIACEAE 

Waltheria reticulata Hook. f. Trans. Linn. Soc. 20: 231. 1847. 

Charles Island (no. 123). Endemic to the Galapagos Islands. 

PASSIFLORACEAE 

Passiflora foetida var. galapagensis Killip, Field Mus. Bot. 19: 505. 1938. 
Charles Island (no. no). Endemic to the Galapagos Islands. 

CONVOLVULACKAR 
Evolvulus glaber Spreng. Syst. 1 : 862. 1825. 

Charles Island (no. 118). Widely distributed in the West Indies 
and northern South America ; rarer elsewhere. 

BORAGINACEAE 

Cordia lutea Lam. 111 . Gen. 1 : 421. 1791. 

Charles Island (nos. in, 116). A showy plant, with large yellow 
dowers. Also in western South America. 


4 Amer. Journ. Bot. 22 : 243. 1935. 
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Heliotropium curassa vicum L. Sp. PI. 130. 1753. 

Clipperton Island (no. 103). Common on shores throughout the 
Tropics. 

Tournefortia pubescens Hook. f. Trans. Linn. Soc. 20; 198. 1847. 

Charles Island (no. 121). Endemic to the Galapagos. Identified 
by I. M. Johnston, of the Arnold Arboretum of Harvard University. 

VERBENACEAE 

Lantana pedtmcularis Anderss. Vet. Akad. Handl. Stockh. 1853: 200. 1854. 

Charles Island (no. 124). Probably endemic to the Archipelago. 
Identified by H. N. Moldenke, of the New York Botanical Garden. 

SOLANACEAE 

Cacabus miersii (Hook, f.) Wettst. in Engl, and Prantl, Nat. Pflanzenfam. 
IV 3b : 16. 1891. 

Dictyocalyx miersii Hook f. Trans. Linn. Soc. 20: 203. 1847. 

Piinogeton miersii Miers, Ann. Mag. Nat. Hist. II. 4: 359. 1849. 

Elizabeth Bay, Albemarle Island (no. 108). Endemic. First fruit- 
ing specimens to be received at the National Herbarium. 

Physalis angulata L. Sp. PI. 183. 1753. 

Charles Island (no. 117). Widely distributed in tropical America. 

Solamim nigrum L. Sp. PI. 186. 1753. 

Clipperton Island (no. 105). A widely distributed, highly variable 
species. 
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THE DETERMINATION OF SMALL AMOUNTS OF CHLO- 
ROPHYLL-APPARATUS AND METHOD 1 


By EARL S. JOHNSTON and ROBERT L. WEINTRAUB 1 
Division of Radiation and Organisms, Smithsonian Institution 

(With Two Plates) 

INTRODUCTION 

The present paper describes a photometric method for the determi- 
nation of small amounts of total chlorophyll present in plant tissue, 
and the apparatus employed. The method is based on the fact that 
chlorophyll has an absorption band in a certain region of the spectrum 
that does not overlap the absorption bands of other soluble pigments 
such as carotenoids. Although it is fully realized that other methods 
have been employed and described, it is nevertheless felt worth while 
to point out some advantages of this method which is adapted very 
nicely to certain problems under investigation in this laboratory. 

APPARATUS 

The apparatus is illustrated in plate Y and figure x. Essentially it 
consists of a light source properly shielded in a housing and a hori- 
zontal optical path in which the chlorophyll solution may be interposed. 

A single-filament street-series lamp (1,000 lumens and 6.6 amperes) 
serves admirably as the light source. This is connected to io storage 
batteries in such a manner as to give 12 volts. A battery source of 
current is more desirable than the commercial city supply because of 
its steadiness. Inside the lamp housing is a metal cylinder which may 
be raised or lowered so as to transmit or intercept the light in its 
passage through the optical system. From a condensing lens 3 inches 
in diameter (shown in fig. 1) the light is passed through a Corning 
heat-resistant, heat-absorbing light shade glass filter 2.66 mm. thick 
(Fj), a Corning heat-resistant pyrometer red, number 241, 48 percent 
filter, 4.85 mm. thick (F 2 ), and a glass cell 2 cm. thick containing 

‘Presented before the Division of Biological Chemistry of the American 
Chemical Society, Baltimore, Md., Apr. 3-7, 1939. 

‘The authors wish to acknowledge the assistance of L. A. Fillmen in the 
construction of the apparatus, and of E. R. Brydon in carrying out the 
determinations. 


Smithsonian Miscellaneous Collections, Vol. 98, No. 19 



SMITHSONIAN MISCELLANEOUS COLLECTIONS 


VOL. 98 


2 

distilled water. This water cell (F rf ) is connected to a small reservoir 
kept at room temperature and by thermosiphon action the accumulation 
of heat is minimized. By means of these filters the radiation utilized in 
the transmission measurements is restricted to the range from 6240 A. 
to just beyond the visible in the near infrared. 



Fig. 1. — Diagram of apparatus used for the determination of small amounts of 
chlorophyll. Fi, Corning heat-resistant, heat-absorbing, light shade glass filter, 
2.66 mm. thick; F 3 , heat-resistant, pyrometer red, No. 241, 48 percent filter, 4.85 
mm. thick ; Fs, glass water cell, 2 cm. thick ; C, glass absorption cell 5 cm. long 
used for holding chlorophyll solutions ; T, vacuum thermocouple. 

A thermocouple ( T ) is employed as the energy receiver. The brass 
thermocouple housing is thermally insulated from the lamp housing 
by a cylinder of Bakelite whose interior diameter is decreased in steps 
to reduce internal reflections. 

The thermocouple has been developed and built in this laboratory 
by L. B. Clark. The receiver is a circular disk 1 mm. in diameter and 
0.00127 mm * thick. The couple is permanently evacuated to a pressure 
of less than io~ 4 mm. mercury which increases its response 20- to 
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30-fold. It is a rugged type of high sensitivity and has a uniform 
response over the wide range from 2500 A. to 6.5 ju.. This transmission 
range has been obtained by the use o £ a so-called “bubble window” 
which is a thin (.025-.050 mm. thick) disk of glass that is fused to the 
cell body and then sucked in. The couple, whose zero stability is 
excellent, has a resistance of about 13 ohms and gives 3.3 microvolts 
per microwatt per square millimeter. Its time response is less than 
that of commercial galvanometers. 

The couple is connected directly to a Moll galvanometer without 
intermediate means of amplification. This galvanometer has a period 
of 1.3 seconds with an internal resistance of 50 ohms and the external 
resistance for critical damping may be varied from 120 to o ohms. 
At a scale distance of x m. a deflection of 1 mm. corresponds to a 
current of 6 x io~ a amperes. 

The absorption cell (C) is 5 cm. long and has a volume of 10 ml. 
It is constructed of Ihrex glass with fused-on ends. 

PREPARATION OF EXTRACT 

The plant material is thoroughly ground by hand in a mortar with 
sand and acetone, and the solution decanted and filtered under reduced 
pressure. The residue, which is retained in the mortar, is ground and 
the solution filtered twice more, all the filtrates being combined. This 
requires from 10 to 15 minutes. Carotenoids are not separated from 
the chlorophyll. It is essential that all suspended material be removed 
from the solution since the slightest turbidity reduces the transmitted 
energy and introduces an error in the chlorophyll determinations. 
After trying several kinds of filters the one illustrated in plate 2 has 
been found very satisfactory. Several layers of close-grained filter 
paper are placed in position between the ground faces of the upper and 
lower portions of the filtering tube. A brass collar fits against a 
shoulder on each part of the filter tube and by means of screws the 
ground faces are held tightly against the filter paper. 

DETERMINATIONS 

Before making determinations of unknown chlorophyll solutions it 
was necessary to construct a calibration curve (fig. 2) from known 
concentrations of purified chlorophyll solutions. 3 It has been deter- 

J The purified chlorophyll solutions and the unpurified leaf extracts gave 
identical absorption curves in the region from 6000 A. to 7400 A. We are 
indebted to Dr. K. S. Gibson and H. J. Keegan of the Colorimetry Section, 
National Bureau of Standards, for the determination of these curves with the 
General Electric recording spectrophotometer. 
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mined that additions to the standard chlorophyll solutions of carotene 
or xanthophyll in amounts up to a hundred times that of the 
chlorophyll, do not influence the transmission in the spectral region 
employed. 



08 !0 *2 
MG. CHLOROPHYLL PER LtTER 

Fig. 2 . — Calibration cune showing percentage transmission plotted against 
milligrams of chlorophyll per liter. 

Once this curve has been established the continued use of standard 
chlorophyll solutions is eliminated. The transmission data obtained 
from unknown chlorophyll solutions are compared with the calibration 
curve and the concentrations read directly. The calibration curve 
used is an empirical one for the particular filters, absorption cell, and 
solvent employed. 
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In determining the percentage transmission of a chlorophyll solu- 
tion the galvanometer deflections with and without the absorption cell 
and solution in position are observed alternately. The percentage 
transmission obtained from the average data is used in reading the 
concentration of chlorophyll from the calibration curve. 

About 5 to 10 minutes are required to make the transmission deter- 
minations. With the 5-cm. absorption cell the sensitivity is o.i micro- 
gram (1/10,000 milligram) of chlorophyll. One square centimeter of 
leaf is sufficient for duplicate determinations which check within 2 to 
3 percent. This method is independent of any visual comparisons of 
intensity or color. 

In a study of the influence of the extraction technique on the results, 
it has been found that preliminary killing of the leaves by immersion in 
boiling water, or the addition of calcium carbonate during the grinding 
does not affect the amount of chlorophyll extracted. 

Furthermore, in these studies made with barley leaves it was found 
that the presence of light during the short extraction period is negli- 
gible. The chlorophyll content of the extract remains unaltered during 
at least 2 weeks storage in the refrigerator (about 4 0 C.) . 

SUMMARY 

The method of determining small amounts of chlorophyll herein 
described is based on the transmission of light in the region of the 
red absorption band of a solution of chlorophyll in acetone. The 
transmitted energy is determined by means of a galvanometer and a 
vacuum thermocouple of extremely high sensitivity. The percentage 
transmission of the acetone extracts of plant material is then compared 
with a calibration curve constructed from data obtained with solutions 
of purified chlorophyll. 

This method eliminates the constant use of standard chlorophyll 
solutions and is not influenced by the presence of carotenoid pigments 
in the extract. Furthermore, it is unaffected by minor fluctuations in 
the light intensity, and errors involved in subjective intensity and 
color comparisons are avoided. 
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